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CONCRETE LINING AS APPLIED TO IRRIGATION 
CANALS. 


By Samvue.t Fortier, Chief of Irrigation Investigations. 
INTRODUCTION. 


An estimate based on the census of 1910 shows that approximately 
74,400,000 acre-feet of water is diverted annually from streams, reser- 
voirs, wells, and other sources of supply in the United States for use 
in irrigation. If this volume were spread over an area the size of 
the State of New York it would cover it to a depth of over 28 inches. 
To convey this amount of water, often from distant sources, and 
distribute .1t over cultivated lands require a large number of canals 
with capacities varying from several thousand second-feet to a part 
of a second-foot, or a few miner’s inches. In the United States, irri- 
gation canals are for the most part excavated in earth, and, except 
in a few cases, a large percentage of the water, estimated at 40 per 
cent of the amount takenin at the heads of the main canals, is lost 
by absorption and percolation along the routes. But allowing for 
water later recovered by lower conduits, the amount that is wholly 
lost may be reduced to 25 per cent. 

The benefits resulting from work in recent years in the lining of 
canals for preventing transmission losses have been marked. 

This publication presents in a summarized form some results of 
seepage measurements and discusses the subject of lining canals 
_ with concrete as one of the best known means of preventing seepage 
losses. Most of the irrigation canals in this country that have been 
lined with concrete have been examined and the good and bad fea- 
tures of each noted. Construction methods have likewise been 
studied. In brief the main object of the entire investigation has 
been to show, first, the need of an impervious lining and, second, the 
best practice to follow in construction work of this kind. 

NotTe.—This bulletin treats of the subject of concrete lining for irrigation canals from the standpoints 


of economy, design, and construction. It is intended for the use of irrigation engineers and the managers 
and superintendents of irrigation systems. 
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The census of 1910 showed for that year 81,837 main and lateral 
ditches, aggregating 125,591 miles in length and having a maximum 
capacity of 618,097 second-feet. Assuming that not over 4 per cent 
of the total volume of water used in irrigation was carried in pipes, 
flumes, and lined canals and deducting all channels having imper- 
vious linings, there remained over 120,000 miles of unlined irrigation 
canals in the West. 

Transmission losses in the channels considered herein may be 
srouped under the headings leakage, evaporation, ard seepage. 
Cheap and faulty structures are a common cause of leakage, but such 
losses are only a small percentage of the total loss. 

A large percentage of the water used to moisten the top layer of 
soils is evaporated.t Water flowing in an open conduit evaporates 
from the surface an amount dependent upon the temperature of 
both air and water, the velocity of the wind, and upon other factors. 
This loss, as in the case of leakage from faulty construction, is so 
small that it may be neglected without causing appreciable error. 

Evaporation data obtained from 37 different stations throughout 
the various arid States and covering the months of June, July, August, 
and September give average daily rates in inches for this period as — 
follows: Maximum, 0.34; minimum, 0.18; and mean, 0.26. For prac- 
tical purposes the loss of water from a canal through evaporation 
is a negligible quantity. 


SEEPAGE LOSSES. 


The results of measurements of seepage show that this is the most 
important source of loss from canals. 

As Table I indicates, in many cases full data are not available, 
particularly as to the character of the materials through which the 
canals are excavated. The canals measured vary widely in capacity 
and with one exception are situated in various parts of the arid regions 
of the United States. About 1,500 miles of separate canal sections are 
represented in the data collected and considering the character of mate- 
rials, erosion, age, etc., they cover a wide range of conditions. It must 
of course be recognized that with measurements taken under such 
diverse conditions and by the different methods used in collecting these 
data allowance must be made for probable inaccuracies in the results. 
It may, and probably does, happen that in cases where the amount 
of loss or gain is small, the variation may really amount to a gain 
where it is given as a loss and vice versa depending on the accuracy of 
the methods used and the care taken in making the measurements 
for a given canal. However, in collecting these data an effort was 
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made to eliminate all measurements of doubtful accuracy in so far as 
this could be determined from the records examined. 

Two methods of expressing seepage losses in canals are in com- 
mon use. One method expresses the loss in the percentage of flow 
of the canal while the other expresses the loss in 24 hours in terms 
of cubic feet per square foot of wetted area. Opinions differ as to 
the relative merits of these methods, but each has its advantages. 
The former gives one a ready grasp of the efficiency of a canal in 
a general way while the latter permits a more detailed estimate of 
the loss which may be expected from a given section of a canal 
when the conditions therein have been carefully studied. However, 
seepage losses from canals are governed by many variable and 
interdependent conditions, the combined influence of which it is 
very difficult, if not altogether impracticable, to reduce to a math- 
ematical formula. The writer is convinced that no refinement of 
calculation for estimating seepage losses in proposed canals is war- 
ranted at this time without considerable data directly applicable 
to individual conditions, and even when this is obtainable the accu- 
racy of the estimate will largely depend upon the skill as well as 
upon the experience and judgment of the estimator. 

Seepage measurements made by this office together with the greater 
part of the reliable records obtainable are combined in Table I. 


Canal and stream or locality. 


Arizona. 


JNaV aI SEM LG IRINOR ose c codonaaaunse 


California. 


Callison Slough, Tule River...-....- 


Tipton Irrigation District, Tule 
River. 


South Tule Independent Ditch, 
Tule River. 


Modesto, Tuolumne River.........- 


Do 
Turlock, Tuolumne River.......... 
Birch Lateral, Colorado River. ..... 
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| Section measured. 
eH 
o 
5 
s 
co} 
+> 
aun e 
%o 5 
8 & 
=| <= 
Miles. | Sec.-fi. 
79.8 
6 93.3 
12 113.0 
124. 
4 92.8 
53.3 
94585) 55.0 
10.0 75.5 
12.0 48.7 
5 21.2 
Ibe { 31.9 
2. 00 16.0 
1.5 10. 2 
2.0 97.6 
4.0 ~ Be 
35.3 
4.0 7e533 
42.8 
held 73.3 
2 26.9 
3.00 21.9 
4.5 4.9 
5.0 5.6 
7.9 
5.0 { ee 
33.0 260. 0 
22.0 532.0 
18.9 793.0 
22.0 879.0 
4.0 17.75 
3.0 24. 45 
6.5 7.12 


TABLE I.—Seepage 
| 


Dimensions of 
canal. 


th of water 


| Mean depth. 
surface. 
Length of wetted 
perimeter. 
Velocity in canal. 
| Diversions in section. 
Total loss in section. 


| Wid 


Sec.- 
feet. 


Sec.- 
feet. 


4.2 


Per 
cent. 


5. 26 
4. 83 


5.75 
2.81 
8. 78 
5. 26 


Ft. 


Feet. | sec. 


13.00 
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measurements. 


Loss per mile. ‘ 
Loss per 
foot of f 1 f inf 
oot o Character of materia Source of informa- 
ae, ade wetted in the channel. tion. Remarks. 
axi-| Mini- area in 
mum./mum. Mean. 24 hours. 
tgp \\ Jetap || Tetap 
cent. | cent. | cent. | Cu. feet. B 
Report W. H. Code F 
0. 30) ? |{Channel coated withanalmost 
\ 0.88 0. 80 0. 84i{ “Balt Besar rose orice sess Son fe ola impervious silt deposit. 
5 cee eee 48 23 | ana eae a eee yee Alem (LO Meee cee eee a Do. 
Sa a SE Se 8 RR aN ANS EY Oy Cowes ce ees Do. 
2.19 40} 1.40 Serpe ee Bary | Sik oo Tile A (6 Ko ese Pee Do. 
BS ee Sky SPR ay eee poe (SOR AC] Qin at pees ean Do. 
l 
Le doed Reese D520 | pesos ae eee ee eee sees oe PvepOort-A.,..Chand= 
ler, O. E. S. Bul. 
119, Sep. No. 2, 
1901. 
aa 1 Naa G60 a basssollaccusosc seuss asoboseanl boooeGcescncossoncesd! mR Biers, —Cooaee 
and squirrel holes in chan- 
nel bed. 
SC Saee meaes G55 | ere e ene rere ee ee UN ak UG Ot ossaue abc e Do. 
\16.00 AHB SOLEMN GUIPRE me lrekints SOR arene | irate ee Sit 
\,6.000 BABS PASS 25 lee eens || ene a oR eee el 
ssstcclloqoass 64.00,..........| See remarks..........| Report A. E.Chand- | Channel through sand of the 
ler, O. E. S. Bul. first river bench. 
119, Sep. No. 2, 
1901. 
Eee sate [oie oicicts BIO) | eee i= es | eee eee ee ON | ete Oceanic Nene eDuscharge:(O7-6)smleasunedsat 
headgate June 1, 1901. 
Bites hares ott THEO | ese | ee ee os ee OE EQ aase aa een ees | eb ascharcel(@sd)paleasuneduat 
headgate July 9, 1901. 
Measured June 12, 1901, at 
Ree need oF canal. ; 
= easure une 14, 1901, at 
ON 50 Perse o en Oxon | satatree meee else oe oe oe ania sa caerctere ced |sewcaic wo uicltercicies wokioe the head of canal. 
Measured June 27, 1901, at 
the head of canal. 
Report A. E. Chand- 
9. 46 ler, O. E. S. Bul. |{Measured June 14, 1901, at 
paler in che etre | Creag Toh Oe in ee ineie eins eis ie Sep. No. 2, the head of canal. 
901. 
5 Measured June 29, 1901, 4 
AES REO 6.55)... eee] eee eee etter ieee AOL. eee eee { miles below head of canal. 
| “eee 7.66 AG Measured June 29, 1901, at 
Papeete Mate aa seal te dee ca ae (Fee Secsciya soe = nor the head of a lateral. 
Sooe 5s ae Ts GMs cies es Se ls Rae ae ee rice || Peaniee i [0 Sn Mean ee 
Cee ee SEU Scceise re Se Si arm | ce eK) eee a 
Measured at head. For first 
4 miles; bottom widths 
: ; : eet, grade 8 feet per mile. 
\ 2.80) 2.50) 2.65) -.-.-2.2-)o2-2-2eeeee eee eee ee| eee do.....-......--- The succeeding 4 mile bot- 
tom width 6 feet, grade 6 
feet per mile. 
Ou eB eer tae 200 prea elses 2 eee eee) Lepore lina mk | See Os Bb. S: -Bul= 158;-Sep: 
| Adams, O. E. S. No. 3, for losses in individ- 
Bul. 158, Sep. No. ual portions of canal. 
3, 1904. 
Boemos||ses Sam PaO eet Arto (ieee otecccct es ee ee pOm EF Trank 
Adams, O. E. S. 
Cir. 108, 1909. 
Bese waleoae oe oy 1 os ON SE le ge | 6 9 Oe Ee 
5 eel eee PAD) es Pui lanl Gea OES area TS ae See A ee co Vc eae gece a 
seeece pene DA0dl ane a esenc|e----se-ss52+-s5-cnce2| Report J. E. Road- |) Measured June 16, 1903. 
house, O. E. S. 
Bul. 158, Sep. No. 
3, 1904. 
Tesi eee) eerste () |e rae a epee me eels 5 h5 Sr dk el er ye tye tenn 1 Oe Measured June 238, 1903. 
So aes A eee 5. 90) Sandyepweedys) and) |. sdOsesee esse cee 


flat; 2 miles in em- 
bankment. 
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TABLE I._—Seepage 


leaks. 


¥ : Dimensions of 
5 Section measured. canal. 
5 F ; 
i : ete eee 
Canal and stream or locality. S| 3 Teh eee 2 im S 2 a 
on : 2 ome q 
S Ses feel Se Vel | 2 ee 
w 3 ad o a og pb i) Z 
Ey ce Pe ae | ae le a 
gq | & E a /5 |ha| 8 | 8 a 
Bl 8 ile. oi Sloe 2 
7eA| ears a pallies piss Slee a 
Feet 
California—Continued. ‘ per | Sec.-| Sec.- | Per 
: Miles. | Sec.-ft. | Ft. |. Feet.| Feet.| sec. | feet. | feet. | cent. 
Dahlia Lateral, Colorado River..... Ie GES AGRA 0S |RER, a | eeesrll heeen 0 | Pe eee | roe 8.95 | 19.70 
Dogwood Lateral, Colorado River...| 1) 6.0 22260 || choc Slee ese cee | soos a eee Dei2aleeosa) 
Holt Lateral, Colorado River....... yy 5.0 Qa Sears eee oral cre see | rere eee ee 2.84 | 10.00 
OP eee en cea ek woe cee Se eiece 1] 3.5 aU hs benaeaes| peeeee mean e  B s || ISo 1.10} 8.51 
Rose Lateral, Colorado River....... 1} 6.0 GR ea get ee pees Dress las eee Pete 4.54 | 12.40 
Queene Se Maren ite Mable ies kis Li 45575 DAN 1 Vets. el aI A | SAG era ee eset ee 22 Aor, 
Moore Ditch, main canal, Cache \ 9 8 115.6 |..-..)--+-+-|---++-]--+++-|----+- 8.73 | 7.50 
Creek. OMG pes al eee eee St el ON 5.36 | 6.20 
PO Miles Peale ice ere ers sere cee 4.26 | 3.80 
AT) ERO I heme Lig ASA 2 OL 2 4.0 
TWO S Beis lesen eee | yeas eve | see tl eerie 4.62 | 4.00 
DUAL Sy fis ce Fenda a 20.9 16. 50 
WD OSS Se osc oe weaelesen 2} 4.0 
F (VA GYiega PSU ee eee Dai Wes os 12.5 20. 00 
East Fork or Rumsey Ditch, Lateral ol 3.5 NOSE Aa eee Oe ar a even Peer 34.4 | 29.90 
‘ of Moore Ditch. 3 AA MENG oe ak a ata ets | Wa Sap) |e Se pee 8.83 | 20. 00 
West Fork or Montgomery Ditch, lj 5.0 CSP J Pale Mee sieves SI epee cehaee| eee eta 41.4 | 62.80 
Lateral of Moore Ditch. 
Hoy Ditch, Lateral of Moore Ditch..| .1] 3.0 By 740 ee Selle ee EA Meas alles cae 14.58 | 41.20 

| BG ees cS es OC a een 1 50) PAU )S oa Yul Mnlcaleacd Fecertee ess? a am eat EE eee .82 | 4.00 

Stringtown Lane, Lateral of Moore L250 PITA G18 Yo Rete beaelapea apes Pe) hes eek 7.68 | 31.10 
Ditch. 
HD QMS arena BER teas SN ea ess 1 5 AL OU es en Ned soe sas |e wecen | Bree eotaes | Re 4.60 | 27.00 
South Fork, Lateral of Moore Ditch. 1} 1.0 DOP OSA Oy eters 2 Ge Pei es sae ace 4.92 | 16.40 
Schoolhouse, Lateral of Moore Ditch. e230 SOPAO si ats ss Soe sree Naa alga | a A ee 15.09 | 49. 70 
Capay-Winters, Cache Creek........ 1} 3.0 78s Bo ee | tes aii ei | acacia ee 36.1 | 45.80 
HIE) Oi eso a Vets aie ce Ne 1] 15.5 FAS even epee Feat ne ee aD Hardin | ona Oe | ascot 7.2 | 16.80 
TOO ae ae SESE past a cgeg ieee aes 1} 11.5 Pade fo ld) seen aml WN rs fal Ieee AL ae a La a oe 12.9 | 33.30 
CentraliSacramentomevivierss 2s coe so | 1 nel ieUih Oi | ere eee ee eae [oer | rere ee 37. 00 
Stony Creek Irrigation Co., Stony \ W {’ 0.40-| 316. 6- \ OE MON Soe Seal ye Se 2 ey eater Fa ae ee 
Creek. 8. 20 80 

San Joaquin and Kings River, \ 5.0 190- \ sh See de es | SESS at Sea aes a 
San Joaquin River. Sey ? 239 

Kings River and Fresno, Kings \ 
River! ; il oeoo Fs di ules a [peated hme mete een 39.6 | 4.4 8. 00 

ID Yo 415 pgeaele ty Week carpe es ae en ae es 1} 4.75 SOS Asa sere cies a Wa tele eo ee 8.2 | 16.5 | 20.50 

TDG). 5 caer ieee ER ape eet oy Bru Shut 1 £2210: LBB Hee Pee een etal ci et Ble ooo 10.1 ! 43.4 32. 40 

1 Farmers’ laterals foul with weeds, many gopher holes, and diversion weirs out of repair caused many 
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measurements—Continued. 


Loss per mile. 


Loss per 

square 

foot of | Character of material | Source of informa- Ramanke 
wetted in the channel. tion. = 
Maxi-| Mini- area in 
mum.|/mum. Mean. 24 hours. 


erm| Per | Per 
cent. | cent. | cent. | Cu. feet. 


lie Ar eee DAO Mae cice eeu First one-half in| Report J. E. Road- | Measured June 7, 1903. 
slight cut with re- house, O. E. S. 


| mainder somewhat Bul. 158, Sep. No. 
| silted, especially in 3, 1904. 
last 2 miles. 
er eval cst ais 4.22|..........| Lateral was in poor 
condition; deposit 
of silt inside; levees 
partially weedy. 


BRS ae do...............| Measured July &, 1903. 


Soil varied with 
pe 43| 2.00| 2.22|.......... strata of silt and | dotteat ee Measured in 1903. 
clay. 
\ 2.07 TCG) a Ni eae bes x SauTeH og, 2 FU age Lu Ne ie Do. 
. 2 Report Samuel For- 
oie | Goleta: a eal tier, O. E. S. Bul. |$Measured July 31, 1906. 
; 207, 1909. 
Bete PPA bc ESA) | Reon tee | Marten este Seer a ete ow ee Oban see cea eee) PLeASUTCGESeD ta Sl g06s 
Heavy clay loam, 
2 ea Napa oH puddled by domes- Poe Measured Aug. 1, 1906. 
tic animals. 
paren kt |S one 1 OO eee enn OO See ee pee ee as ee eee Geet Measured: dalye25 0906s 
Same section, but 
2a ey, Pea Tees peel less pu: |. NdOl ee seee eae | Measuredi vulval Omg 07 
ing. 
argh OO epee are CL OSes tame Sheen (ee ed Oizrees eee eMeasunedudtaly: sO G02 
Rare een Ee Or OU | negeener ar tial Magnes seem i ee a Olea. eos o.|) Measuredsdily:26-51906: 
lea 8c fer | nace 561 (0 | ee mie eee a I Ce Ld Ot: ce bs jeune Measured: Sept..8; 1906: 
saacialh Beemer 12.60|..........| In an open gravelly |.....do...............| Measured July 19, 1906. 
soil, apparently 
former bed of Cache 
Creek. 
Saas ce] eee U1 Sar) |e iia Sections Is oe ee ee Olea cclecioes au. Measured: Ate. tie1906: 
5 Pee a eos S00 | eer ewer sere le eae la wad Qa one sh et hee sa NMeasurediulyo, L 906% 
2 ae leapt FLL) | eet tte |i hee Ge eS Od Oss e ee | Measured sully, 7a 906s 
J ie Seale Pe AMO |e tac er cae nine ene At NG Ole ce eee oo ee) Measured sulycos 1906s 
Sal eee HAG eee aes ec ee ee oe ee Otek ee ee Measured suliy:24-019062 
ROE ore eee AS) epee sae iw a Se ae Ow aa 2k ene Measuredsgimliya5;.19062 
2 Sek el Eres Seo Oe se |) Canale in) old’ creek! |i. 5-do. 22 2 esse -| Measured: Aus. 9° 1907- 
bed of wash gravel. 
SS See isl Oe |e Olayaloame ss 2 as eles Obese eee aae ca Measunedas -Atis* sO men OO7- 
Tight diversion weirs. 
BEE | pees DEO bees aren | ert One ae ee eee eee OMe yaa a Measured eAnl on lien G0 7earrorm 
Winters to State Farm, 
Davis. 
ia ad eee eA eee ee Gene ee eee Ona ee eee | Measuredains 19075. eblowwan 
about 100 second-feet at 
upper end of section; canal 
designed to carry 8 times 
this capacity. 
SnOO Et OG eos COlemeces cbs | onc. < GOs et ea clea (6 Opt eek Sas ea 
Report Frank 
BIS Sic cao Bo eee Seeeeiccicne coneeeneeey PeAdams: On KS. Measured ain! 1908: 
Cir. 108, 1911. 
Report C. E. Grun- 
hee Light sandy loam...) Wier: Sap ply |pMeasured in 1882. 
. Paper No. 18, 1898. 
te Ze Sey Indurated clay hard- ¥ i 
dcr gee pan below surace | NOM sR as os ea Do. 
soil. 
Biss tL es Hardpan’ Dedies = eee ee Oe ks sve sck ene Do. 


2 Average, 4.06. 3 Average, 40.8. 


BULLETIN 126, U. S. DEPARTMENT OF AGRICULTURE. 


TABLE I.—Seepage 


ee a ar ne ee ee 
| 


Canal and stream or locality. 


California —Continued. 


Fresno, Kings River 


River. 


‘Kern County, Kern River 


Colorado. 
Grand. Grands Rivers.+.9.-2---- <6. 
DOP Ae o ae a cs enc ee ee ose see 
High line, Grand River... /2-..--.-- 
DD) OR See een ec eae Seca ne 
De ciatesek a Se AEaame dca seeae 
IDO een ne RRS oe ee So 
BT) 0) ee ee eae oem ee ee 
Wake Arkansas Wivef=s2--ss---2-- = 


Pleasant Valley and Lake, Cache la 
Poudre. 


} 


| Number of measurements. 


l= 


Se ee 


a 


eet ee 


Section measured. 


5 
a 
jor 
3 
~_ 3 
Bia abe 
%p = 
§ & 
4 em 
Miles. | Sec.-ft 
4.0 60. 4 
7.0 139.1 
11. 25 381.0 
1.0 251 
5.5 346 
1.0 2. 41 
a5 1.70 
4.0 5.6 
General. 
4,75 337.0 
2325 260.5 
5.0 139.6 
1325 116.5 
6.75 106. 98 
4.75 79. 63 
3a5 55.9 
16.0 456.3 
30 22M 
i,eul a2 
. 82 Teale 
7 6. 29 
. 30 6. 41 
2.55 13. 42 
2. 64 13. 02 
1 Gain. 


eee eerste alee ee ele reece 


| 


Dimensions of 
canal. 


surface. 


perimeter. 
Diversions in section. 


Length of wetted 
Velocity in canal. 


Mean depth. 
Width of water 


86.1 


-16 


ee 


Total loss in section. 


Sec.- 
Jeet. 


3. 


19, 


8 


60 


Per 
cent. 


78. 20 


21.30 
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measurements—Continued. 


Loss per mile. 


Loss per 


square 
foo tof | Character of material 
wetted in the channel. 
Maxi-| Mini- area in 
mum.|mum. Mean. 24 hours. 
IGP || Tap | Jean 
cent. | cent. | cent. | Cu. feet. 
(Natural channel; 
ae |’ ground water 4 to 
2.20/ 0.53| 1.43 | 10 feet. 
Sa Boe ae (Sere GOssai eos 
Lee at let ee) Eee) GOES Sas cone 
Porous soil and sub- 
20.80| 4.50 a { soil. 
: ees ier an 620225 5- GOSS ee 
fo a 59.00} 1.2-6.4 | Sandy loam 5 to 8 
feet deep. 


88.00} 1.2-6.4 | Sandy loam with 
ground water at 8 
feet below surface. 


ists wean LOE OO bese G5 40 Re ates eee ee 
SaGoe el ope tt oe SO- 2" GOSS yas eee es aoe coe 
SE oe| eae 1.60|..........]| Heavy clay; allearth 
Sones eases 1249| eee ce- hin shalehilise =.= ss.- 
eae Renee: Ria es MALE a oe sy, ces 
Beck 2 oe tee: ODE seat EO OL ed cc cee ae 
OG soho ol tains hee Oe aay S52 ee 
MOEA le eee Bere ee ctl ies 220k Wisce 
Sasa Pee OU teeseteee oa caer AO OlK.= tage cece 
LAE eee AG Eee ee. | Dandy, lOAMes == ae- 
Ae Eee 16. 40)..........| Gravelly and sandy; 
near river. 
Spatial RRS ee 26 le eee S| eee OEE Srl Sk. 
SoS eee 15x 00|e 222%... Stratified slope; rocks 
ee: 
ems psu SEIU SS tae el Ee (0 a a ee 
Jeo Ss eae ees [peewee Alone. Touter ) side 
ridge near junction 
of earth and rock. 
sca. oe GY 9 eels 34 SSeS bed soca iC ae 
BAS Alesse . 73|......-...| Somewhat gravelly . . 


.| Report A. P. Stover, 


CANALS. 


Source of informa- 


aa Remarks. 


Report C. E. Grun- )), : n 
SkyeuUn Ss Gaus! | Measured in 1882. 


Water-Supply | 
Paper No. 18, 1898. 


Artificial 
channel of uniform dimen- 
sions. 


d Measured in 1882. Surface 
22O2s 0.-------------|) soil and subsoils saturated. 
aie Ee do..............}| Measured in 1882. 

ls Eas ON ee eee Do. 


Also Bul. 48, Colo. Do. 
Expt. Sta. 1898. 
Report C. E. ae 
Sky, -U-nss Gs 
Water-Supp ie 
Paper No. 18, 1208; 
also Bul. 48, ‘Colo. 


Measured June 14, 1882, on 
Gould ranch north’ of 
Fresno. Average width, 3 
feet; shade trees along por- 
tion of ditch, and banks 


Expt. Sta., 1908. ovenstown with grass; weir 
use 
Rees doss.- 2.) 4.222 |e Measured) Inne! y21e ie 1882. 
Lateral of main ’ supply 
canal; about 2 feet wide; 
weir used. 
ees do..............| Measured June 26, 1882. Di- 


verts water from Fresno 
Canal at point 4 miles east 
of Fresno. Average width, 
8 feet. 


31 diversions in this length. 
Increase thought to come 
from irrigated lands west 
of Palisade.2 


O. E. S. Bul. 119, 
Sep. No. 3, 1901. 


ey do..............| At numerous places small 
trickling streams could be 
seen issuing from canal 
bank.2 

pase Cs do..............| Water section entirely in ex- 
enn considerable side- 

i 

Reate GOs eee eaincameas ores pitts but mostly 
along sidehill. 

Pe do..............| Comparatively level cross 
slopes. 

a mel Goa eet aiies Comparatively level cross 
slopes; in excellent condi- 
tion. 

apres GO ee eee 

ak do..............| Receives heavily laden silt 


waters, flood time only. 
Canal follows river for 11 
miles. 

Report L. G. Car- 

penter, Bul. 48, 

Colo. » Expt. Sta., 

18 


Some land irrigated above 
ditch from Dixon Canyon. 
Some land irrigated above 
ditch from Spring Canyon. 


2 Combining these two measurements shows gain greater than loss. 


10 


Canal and stream or locality. 


Colorado—Continued. 


North farm lateral of Rio Grande 
Canal, Rio Grande. 


lateral IC, Rio Grande...-..i.:.--2 
Perio TOG randern essence eres 
DY ae Ea a aE oo ame Oe 
dD) PRES eee RS apoE Aue Bn ele 
DO) Ey ERE Sa anaes 5 We ye 
Blackmore, Rio Grande...........- 
NM pPires IO) Grand Cs-csesese - eee 


Lateral 1F, Rio Grande... 


Lateral of North Poudre Land & 
Canal Co., South Platte River. 


_ Idaho. 
South Side Twin Falls, Snake River. 


Lateral of South Side Twin Falls, 
' Snake River. 


Howell & Swendson, Lost River.... 


Frank Uehren, Lost River.......... 
Bradshaw, Lost River.............- 
Davidson WoOsteRviVverspan tee pe 


Mower, Warm Spring Creek......-. 

Shaype| No.l) Most Rivers... 5. -2-2. 

West side (No. 22) = MCS GMRAVeT se sa 

Upper Harger (part of No. 23), Lost 
River. 


River. 
Do 


2 


| Number of measurements. 


7 


Section measured. 


R 
gy 
oy 
3 
ps 
ogi 
Bp > 
8 cS) 
=| & 
Miles. | Sec.-ft. 
90.5 
9.0 | 
199.5 
5 18.8 
3.0 21.2 
3.5 36. 4 
1.5 35.5 
4.0 31.9 
1.0 29.6 
2.03 11.54 
5.0 125.0 
4.0 12.93 
1.0 8. 82 
4.0 4.49 
8.0 900 
2.4 5.05 
1.0 24.8 
4.0 6.9 
5 1.6 
3.0 5.5 
12.0 74 
3.0 aed 
1.0 19 
3.5 18.7 
4.0 5.8 
1.0 4.0 
1.0 11.9 
3.0 8.75 
1.0 2.5 
25 6.9 
4.0 6.9 
1.0 4.76 
1.0 4.1 


Dimensions of 
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TaBLE I.—Seepage 


canal. : 

E 5 

Ss > =| n pa) 

ae alee ay anc q a 

ge | oS | oe eee ee lege 

sales ie ietish | vost tS = 

Sales we,| S = 

EH pas: = = > & 

f<b) = fo} 

Sey ea Sil es a 

Feet 

per | Sec.-| Sec.- | Per 
Ft. | Feet. | Feet.| sec. | feet. | feet. | cent. 
O388/2205 7a eee eee 64.3 | 5.3 5. 90 
USF) PEO Nececacllseasoc 156.5 | 12.5 6. 30 
(2 ASHON Se ele eee 12.38 |112. 70 
se bel oe sce loch Sale Rees 7.56 | 6.31 | 29.70 
bo Ball ei Rel ee. a eae 2.33 |1 1.42 | 13.90 
Rpts ee Ce Ie Wet e Ce 1592) 1280)|- 5207 
So Boe Re ra | eae | ec 2.81 | 13.18 | 19.97 
as Hea PENS Al Soe oe eee | ees 1.80 | 6.08 
A ve) [ieee oh ae a Oa Hel 8o@0 |) Sil 20) 
Be ce | ee epee | a 5.02 |116.0 |112.80 
re eer ely erie te lat Lars oe 2.43 | 1.68 | 13.00; 
BSS Scan asorc poeee 2.22 {11.24 |114. 00) 
biel eateelecllas see leeeeree eaters -80 | 20.90 
Ee cA aamcidl asians eco ae eee 64.0 7.10 
a ztayar | eeeeaie ese eer eres eee 25 | 4.95 
BEA Res nena ees tasonise 5.6 | 22.60 
Rn peers yea das) Beers 102 |) 25200 
Lie Soci seal aaa | See ree -3 | 19.00 
erred | erm eg emer) | ke ee) bas So 2.8 | 51.00 
ee er We Oe eee 4.6 | 62.00! 
ee eect al eeeniey stl Pees mesial ccc -8 | 20.00 
shetcatel) Nee cicvedl Sparc eet] 2 cee 10 5.30 
ee aie etree | Pater | Pe Br tae Rae ee 2.7 | 14.50 
Pees ree ce ees eee eet | 1.7 |} 29.30 
rales Ws Roe 1.0 | 25.00 
ES Sa ee ae eee | ect aire 3.6 | 30.00 
eye) (ere pep me) a) ee La 57 8.00 
wpe te SE | ea | etc a2 8.00 
peli istan Mee AE Ee Be ess he eae ASH | aod 
A 2g | Ss | ee ke A Lae ae 2-47, |\t30800 
| poet | camel Paes foal estan -66 | 13.90 
[Pet (ep pSeR ype eos 2 ie a ee .14]| 3.40! 


measurements—Continued. 


Loss per mile. 


Loss per 
square 
foot of 
wetted 
area in 

24 hours. 


Character of material 
in the channel. 
Maxi-) Mini- 


mum. mum. ean. 


Source of informa- 


tion. 


Per 
cent. 


Per 
cent. 


Per 


cent. Cu. feet. 


0. 65 0.51} Gravelly soil......... 


ed ee a Oe 20 ie O00 es 


Lined with soft, fine 
mud about 0.3 foot 
deep. 


Report L. G. Car- 


penter, 


Bul. 48, 


Colo. Expt. Sta., 


1898. 


Report H. G. Rasch- 
bacher, O. E. S. 
Cir. 65, 1905. 


Cir. 58, 


Report W. F. Bart- 
lett, O. E.S. Bul. 
158, Sep. No. 4, 
1904. 


11 


Remarks. 


Individual measurements 
show variations of 8.47 per 
cent gain to 8.95 per cent 
loss. 

Individual measurements 
show variations of 8.77 per 
cent gain to 12.18 per cent 
loss. 

Measured Aug. 2, 1897. 
Lateral of Rio Grande 
Canal system. 


Measured July 13, 1897.2 
Do.2 

Measured July 14, 1897.2 
Do. 2 


Measured June 17, 1897. 

Measured June 11, 1897. 

Measured Aug. 4, 1897. In- 
dividual measurements 
show variations of 5.07 to 
0.24 per cent per mile. 

Measured Aug. 4, 1897. 
Lateral 1F part of Rio 
Grande Canal system. 

Measured 1893-1894. Aver- 
age for two seasons’ con- 
secutive run. 


Usual grade. 


Double usual grade. High 
velocity prevented silting. 
This measurement and pre- 
ceding on different laterals. 


| Report A. E.Wright,| Grade excessive. 
O. E. S. Ci 
1903. 


Grade very excessive. 
Grade moderate. Loss most- 
ly in first mile. 
Grade excessive. 
Do. 


Carrying only one-fourth ca- 
pacity; even grade and 
good alignment. 


Do. 
Even grade and good align- 
ment. 
Do. 
Grade very steep, channel 
badly eroded in places. 


2 Measurements taken on abutting sections and given in order. 
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TABLE I.—WSeepage 


g | . Dimensions of 
=a Section measured. eer 
Sel < 
= e = fe) = S 
2 | 2 2 gee 2 (rere gre = 
Canal and stream or locality. St | = ala eace sls s 
Rs 2d |e les |ss ee ; 
Sales so (sol) ye] 2a saie 2 
| os” Sl2e ee |= | a = 
Sk ozegiee es elo a oe S 
S oO | = a 2 = 
ZS a ee ements, (e = 
Feet 
TIdaho—Continued. per | Sec.-| Sec.- | Per 
Miles. | Sec.-ft. | Ft. | Feet.| Feet.) sec. | feet. | feet. | cent. 
972 3. EO de sees 2.5. See al : 
South Side Twin Falls, main canal, \ a} 7.79 | asOn(Oees pag for 
Snake River. my 
1, 691 fe 9); MG eens | eee 1.3} 194.7} 11.50 
ID) Oe aia shi aes se ens Be IU ee ewes 892. gol See eae sea eee 1.8 51.0} 5.71 
IDQWS Cos Ronis Bane ates I) 11.98 839847 1523) | 92505| eee al eeeoee 53.7 | 101.5) 12.10 
{ 
DD) OR arte oe Oe 5 Re Aeon 1 8.07 | 1,448 6555) 96245 |S 5224 see 14.49) 121 8.36 
iD) Ose) . sano eee sete wat eeeee 1) - 6.32 | 1,312 G=G312965 45 | eee | eee 137 93.9} 7.15 
DORR e etn ete Neca a nee I} 5.35 | 2,737 es GO) MOOS | BYZBi 35 5- 93.0} 3.40 
DOM Aue ees (Memes Stee 2 1; 6.070} 2,798.0 | 7.72/107.3 |114.30] 3.33].....- 30.4| 1.10 
1 DEB 5 Aye beeline aa Rae ee hyn Fan 1] 2.650] 2,857.0 | 7.73/107.5 |114.0| 3.42|..._.- 27.0| .95 
| | 
| 
| 
DOs Peter awen Cale masa eo iH ateanlee i 9 93450 (isc sea ae ee 54.0] 1.80 
ID) Qe Ras Be ee es ee Mee eo 1 5.050} 3,097.0 | 8.09!118.0 |123.0 | 3.16 }._...-. 148.0) 4.80 
\ 
ID Os =, ae eects: Sees earn Ara nee 1} 3.350! 3,192.0 | 8.00!123.0 |129.0 | 3.16|.....- 167.0} 5.20 
South Side Twin Falls, low line, 1} 6.40 S43 51% ik3165|04 80] seeeee laeecee 37.1 34. 8] 10.10 
Snake River. 
DOs ss eet eee ees, eS OGL SBYEAT Goes || BPE7) |e eee 147.6 50.7} 15.30 
1DYO\ Ss ae eae te Oe ae at se 1 6. 24 IBS St) boy fail bstete| RON ns cael loasoac 77.2 22.4) 16.70 


CONCRETE LINING FOR IRRIGATION CANALS. 


measurements—Continued. 
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Loss per mile. 
| Loss per 
square 
footof | Character of material 
wetted in the channel. 
Maxi-| Mini- area in 
mum./mum. Mean. 24 hours. 
Berm] ent her 
cent. | cent. | cent. | Cu. Jeet. 
Soil deep and slight- 
ree ee et aa 1.88 ly sandy. Numer- 
ous rock cuts. 
| eT 1.48 SROGr lee eG Once sae ie ee 
Ee Are Sees .15 | Bottom becoming 
silted. 
Pear Sa en nt 1.01 1.50 | Mostly soil; few rock 
cuts. 
Sot ee ae 1.03 2.54 | Mostly soil; few rock 
cuts near lower 
| end. 
Oe eee 1453133 Pd t53 US| | NN aes EE ett 8 oe 
al eee . 60 2.56 | Deep uniform clay 
loam. 
Beene Mes. 2 20 72 me OSS ee eat Soe 
gel eee . 40 A Gale OW n Sm cece sera: 
Sp ehle al the eee | ecm ae oe ee eel |S CO 0 Pee mc, et 
Ss ares ener . 90 3.905) Deep uniform clay 
loam with some 
rock cuts. 
f 
Sacer 1. 60 6.338] Uniform clay loam | 
with numerous 
rock cuts. 
= is pee eae 1. 580 1.62 | Heavier than along 
main canal. Some 
rock cuts. 
5 Se Re ee 1.590 1B G5o|P ae dota ase ee ee 
(ROSES SA peers 2. 680 RAS a ide Se CO peery er re Abe 


Source of informa- 
tion. 


Report Elias Nelson, 
Idaho Expt. Sta. 
Bul. 58, May, 1907. 


..-do 


Report D. H. Bark, 
9th Biennial Re- 
port State Eng. 
Idaho, 1911-12. « 


Report Elias Nelson, 
Idaho Expt. Sta. 
Bul. 58, May, 1907. 


Remarks. 


Measured June 9, 1906, Milner 
to Dry Creek Reservoir. 


Measured Aug. 6, 1906, Milner 
to Dry Creek Reservoir. 
Measured June 11, 1906, Dry 

Creek Reservoir only. 

Measured June 12, 1906, Dry 
Creek Reservoir to within 
34 miles of end of canal. 

Measured Aug. 6, 1906. In- 
cludes upper 8.07 miles of 
preceding measurement; 
Dry Creek Reservoir to 
spillway. 

Measured Aug. 8, 1906, spill- 
way to near end of canal. 
Backwater condition in 
lower end of section. 

Measured July 20, 1912; from 
Low Line Canal to point 
5.35 miles above. Good 
lower bank; comparatively 
clean uniform cross section 
and grade; used 7 years. 

Measured July 18, 1912, from 
“The Point’’ to 2.7 miles 
below Dry Creek Reser- 
voir. Good lower bank; 
clean uniform cross section; 
used 7 years. 

Measured July 18, 1912, the 
first 2.65 miles below Dry 
Creek Reservoir. Good 
lower bank; clean uniform 
cross section; used 7 years. 

Measured July 15, 1912; Dry 
Creek Reservoir only. 

Measured July 15, 1912. Up- 
per end of section is 34 
miles below Milner. Banks 
somewhat eroded; upper 
bank gone in places; nu- 
merous pools above upper 
bank; used 7 years. 

Measured July 14, 1912. Up- 
per end of section is at Mil- 
ner wagon bridge. Banks 
badly eroded; numerous 
pools above upper bank; 
no surface indication of 
seepage; used 7 years. 

Measured June 15, 1907, sta- 
tions 359 to 697. Waste wa- 
ter (6.8 second-feet) in ad- 
dition to inflow; first used 
June, 1905. 

Measured June 18, 1907, sta- 
tions 697 to 12044. First 
used, upper part, June, 
1905; lower part, April, 
1906. 

Measured June 19, 1907, sta- 
tions 697 to 1534, 
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Canal and stream or locality. 


Idaho—Continued. 


South Side Twin Falls, high line 
Snake River. 


South Side Twin Falls, farm lateral, 
Snake River. 


| Number of measurements. 


1} 2.260 


1} 2.140 


1} 2.060 


1} 2.940 


ie 490 


Section measured. 


upper 


end. 


Flow at 


Sec.-ft. 
226.5 


177.9 
92.1 


759. 6 


783. 0 


788. 4 


832. 0 


- 073 


- 205 


- 082 


1 Gain, 


Dimensions of 


TABLE I.—-Seepage 


canal. : 
= iS sie 
a) Z = 3) <= 
ected ete 9 
pi laE Are Oi s =| & 
S oe a = q 
_— 2 os ® S 7p} _— 
& | 2S aig ba q D 
S AS > S S 
Slablgel = | = 
ao) oo ee eae 5 
o (<3) — 
Peal heen Sal ey = 
Feet 
per | Sec.-| Sec.- | Per 
Ft. | Feet.| Feet.| sec. | feet. | feet. | cent 
2a FASS oy Serre | pee 13.34] 35.2 | 15.50 
PS |) Gale WERE Sco cceoe 41.4 | 44.4 | 25.00 
TRS OR SSS aL epee Re eee 45.4 | 16.8 18. 20 
4.94) 53.5) 57.00) 2. 88).....- 14,01] 1,53 
S071) 56a G1540|— 2a7 Ones 10.35 | 1.72 
5.48) 53.0} 58.90} 2.74).....- 112. 68) 11.61 
Syn GYGO CYA PaGicesooc 1h Siess 
5.31) 60.0) 64.80) 2.72)...... 20.9) 2.38 
-13 pO aOs| mie obl meee = .017| 23.30 
si 4) le |e leo ere Olam - 040) 19. 50 
SO2 | oleate des diel O4 Seer . 068; 12. 70 
P28) TO tas) dee2eeeeee . 070) 12.80 


CONCRETE LINING FOR IRRIGATION CANALS. 15 


measurements—Continued. 


Loss per mile. 


Loss per 
square 
foot of | Character of material | Source of informa- 
| eae wetted in the channel. tion. 
Maxi-| Mini- Mean.| .2%e2 in 
mum.);mum. ‘| 24 hours. 
Per | Per || “Per. 

cent. | cent. | cent. | Cu. feet. 

Jesu te ks) Leet 1. 220 0.93 | Some gravel and | Report Elias Nelson, 
some white lime. Idaho Expt. Sta. 
See reference. Bul. 58, May, 1907. 

SeRoe Ae neeae 1. 470 Te OD ee a ee ec eed ON nee ane aoe 

es ree cee 1.540 BOS eee rare ee en ermat acta [ee I Oars en eee 

Rie |e ee 1 24 1.53] Compact gravelfor 3} Report D. H. Bark, 
mile on either side 9th Biennial Re- 
of McMullin Creek; port State Eng. 
compact clay loam Idaho, 1911-12. 
in other places. 

Be ee eas 2 76 ea Compacte raves = do.ns0 sess 
mixed with dense 
clay loam not so 
gravelly as preced- 
ing section. 

Saco. en eee 1.75 11.65] Compact gravel and |.....do.............. 
clay loam, mixed 
with gravel. 

ems hy eo 65 141 2Deep suniform'= clay, |s29done 4... 
loam. 

Set SE iS) eee -8l TRS AS) bars pe 0 Las ae ee ee rls | as eee 80 Kis ae a a 

te Se ee 48.00 SSO Medrummcla ys: loarianl mere Ose ae eae ee 
some surface rock 
on top of ground. 

otc eee 28.30 s63/ Deep) medium) clay |ps)--dOw2 2s.) 
loam. 

205 FS eee 17.80 Soop Mediaman clays loam |= Or = tae ee ne 
hardpan near sur- 
face. 

oy Jee eee 17.40 jelb| sD eeplmedraim i clay, ase dOse = eee ne 
loam. 


Remarks. 


Measured July 2, 1907, from 


end of main canal to Cot- 
tonwood Creek. 


Measured July 3, 1907, Cot- 


wood Creek to Cedar draw. 
First season. 


Measured July 6, 1907, Cedar 


draw to near end of canal. 
First season. 


Measured July 26, 1912, from 


1 mile above McMullin 
Creek to Cottonwood 
flume. Banks solid; uni- 
form grade and cross sec- 
tion; porous irrigated land 
above; used 7 years. 


Measured July 26, 1912, from 


14 miles below Rock Creek 
to 1 mile above McMullin 
Creek. Banks solid and 
well above water line; uni- 
form grade and cross sec- 
tion; used 7 years. 


Measured July 26, 1912, from 


4 mile above to 14 miles be- 
low Rock Creek crossing. 
Banks very solid and well 
made, uniform grade and 
cross section; porous irri- 
gated land above; used 7 


years. 
Measured July 25, 1912, from 


station 180+30 to within 
24 mile of Rock Creek cross- 
ing. Banks well above 
water line; uniform grade 
and clean uniform cross 
section; used 7 vears. 


Measured July 26, 1912, from 


4 mile below Low Line 
Canal to station 180+30. 
Banks well above water 
line; uniform grade and 
clean uniform cross section; 
used 7 years. 


Measured Sept. 10, 1912, 1 


mile south of Twin Falls. 
Banks irregular; some grass 
and weeds; used 5 years. 


Measured Sept. 14, 1912, 4 


miles northwest of Twin 
Falls. Irregular cross sec- 
tion; badly eroded; some 
grass and weeds; used 4 


years. 
Measured Sept. 11, 1912, 7 


miles southwest of Twin 
Falls. Irregular cross sec- 
tion; banks eroded; sweet 
clover in lower half of 
ditch section. 


Measured Sept. 18, 1912, 2 


miles northeast of Filer. 
Sodded banks; moss in 
water; uniform cross sec- 
tion; water in ditch above 
normal surface of ground; 
used 4 years, 
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| Number of measurements. 


Canal and stream or locality. 


Idaho—Continued. 


South Side Twin Falls, farm lateral, | 
Snake River. 


North Side Twin Falls lateral, Snake | 
River. 


Lateral of Burgess Canal, Snake 


River. 


Section measured. 


| 


Dimensions of 


canal. 
I) 
z. = |% 
= S ee 
= ae Wel cai Ren, 
: a Si) Fs 
| az | 2|c8| eg 
a 1) es | GS 
&0 = = = ta, 
5 & sie |§ 
4 i =| aS 
Miles.| Sec.-ft. | Ft. | Feet.| Feet. 
0. 528 0. 802) 0. 22 159) 250 
- 422 ate3Y4) APS} Ie) Te 7 
- 13 Meal GAH IRS Gy 
- 480 UALS |) a 748) Moti Paral 
945 2.03 34 2.4| 2.82 
. 699 2.22} .38| 2.4) 2.83 
2.612 14221} 363|- L121) 12.00 
1. 936 24.05] .81) 20.4/ 21.38) 
- 662 1.91} .86) 3.0) 4.05 
- 498 5.45} .92) 3.9) 5.53 
- 584 6.15] .92) 4.6 5.83 
. 520 8.94 . 83 7.5} 8.03) 
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TABLE I.—Scepage 


Velocity in canal. 


sel 
v8 


FI 
3S £ 
o — 
E 2 
n ss 
ie Z 
E = 
> = 
ra = 
Sec.-| Sec.- 
Jeet feet. 
soars 0. 126 
ate . 030 
aR AGRE . 045 
3 As - 104 
Leer - 265 
Se ssce - 055 
stalees 3.48 
Sees 5. 00 
Soca ool 
ane Bee - 96 
sae cate - 46 
ue eye - 85 


Per 
cent. 
15. 70 


3. 60 


5. 20 


9. 30) 


13. 10 


2. 50) 


23. 60| 


20. 80 


19. 40 


17.70 


7. 50 


9. 50) 


CONCRETE LINING FOR IRRIGATION CANALS. 


measurements—C ontinued. 


Loss per mile. 


Character of material 


in the channel. 


| | Loss per 
square 
foot of 
wetted 
Maxi-| Mini- area in 
mum.|/mum. Mean. 24 hours. 
| 
ee tae |e ee | 
: | 
Pen Let. | eT, 
cent. | cent. | cent. | Cu. feet. 
Bee ec oe 29.80 1.84 
cote (ae 8.50 . 68}. 
26 4 ea 8.90 79 
| 
Aa oa keene 19.20 1.68 
esse |e ee 13.80 1.63 
Jae oa |anenee 3.80 -49 
eee a eee ah ee 9.00 1ST 
Peat BAG Ore ea 10.70 1.98 
nea eee 29.30 2.23 
Coa | nce 35. 40 5.69 
2 £4 eee 12.70 Dae 
banc 18.20 3.33 


Medium clay loam... 


Deep medium clay 
loam. 


Rather porous clay 
loam, hardpan at 3 
feet. 


f 


Deep uniform clay 
loam, hardpan at 2 
to 23 feet. 


Medium clay loam, 
hardpan at 2 feet. 


Deep uniform sandy 


loam. 


Sandy loam 


Gravelly, sandy loam 


Very gravelly and 
porous. 


Very gravelly 


Medium gravelly 


48307°—Bull. 126—14 2 
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Source of informa- 


rian Remarks. 


Report D. H. Bark, | Measured Sept. 13, 1912, 4 
9th Biennial Re- miles southeast ‘of Twin 
port State Eng. Falls. Regular cross_sec- 
Idaho, 1911-12. tion; somewhat eroded; no 
weeds; used 5 years. 

Measured Sept. 12, 1912, 74 
miles southwest of Twin 
Falls. Clean clover sod on 
banks; uniform cross sec- 
tion; used 3 years. 

Measured Sent. 9, 1912, 2 
miles west of Filer. Clean 
uniform cross section; used 
4 years. 

Measured Sept. 12, 1912, 7 
miles southwest of Twin 
Falls. Uneven cross sec- 
tion; much moss; water 
nea step of bank; used 4 


yea 

AT suted Sept. 14, 1912, 64 
miles southwest of Twin 
Falls. Uniform cross sec- 
tion; 1,000 feet new dike; 
used 5 years. 

Measured Sept. 11, 1912, 6 
miles southwest "of Twin 
Falls. Upper part fairly 
uniform cross section; lower 
part somewhat irregular, 
with weeds; used 5 years. 

Measured June Ga I19125 2 
miles east of Wendell. 
Carrying only halfcapacity; 
clean uniform cross sec- 
tion; used 4 years. 

Measured June 6, 1912, 1 
mile south of "Wendell. 
Clean uniform cross sec- 
tion; no erosion; carrying 
only one-fourth capacity; 
used 3 years. 

Measured Aug. 26, 1912, 5 
miles southwest of Rigby. 
Partly in dike; fairly uni- 
form cross section: alfalfa, 
moss and sweet clover 
growing in channel; used 5 
years. 

Measured Aug. 25, 1912, 4 
miles southwest of Rigby. 
Uniform ross _ section; 
heavy growth of weeds and 
moss in channel; low yve- 
locity; used 6 years. 

Measured Aug. 25, 1912, 44 
miles southwest of Rigby. 
Irregular cross _ section; 
some weeds and sweet clo- 
ver growing in channel; 
used 6 years. . 

Measured Aug. 24, 1912, 7 
miles southwest of Rigby. 
Uniform cross _ section 
some gopher holes in bank 
used 7 years. 
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TABLE I.—Seepage 


2 F Dimensions of 
g Section measured. count 
2 ma Sere 
3 bo bo} —_ = = 
2 = SS ase ss = 
Canal and stream or locality. S =) fa |asiue alhesaee s 4 a 
: FI Ce ig eo ca a 
Ss ane) S 68 | o 45 n A 
ea rot og a a 
o ra 2 = Sian] 2 | a S 
2 > Sa] so ‘a ge = 
el) 2 Picea So: |e 3 
a @ =| SS ® o Na =) 
Z 4 Fy pe] ees 4 > A BH 
Feet 
Idaho—Continued. per | Sec.-| Sec.- | Per 
Miles. | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 
Lateral of Burgess Canal, Snake lpn 255) 12. 52 |1. 42 Ge SOSH. Uo WAS se 15a |p250 
River. 

ID) OVP eee AE Bes ey eye oe ieee erate 1 . 674 18.54 | 1.35) 8.6) 9.88) 1.54)...... hats || 7ast0) 
WVancessnakeiivenssica masse sco e 1 3.171 41.07 | 1.46 S59 ie 25a 2s O8leeeeee 4,84 | 11.80 
RWandallliSnakeiRiverseemsscsc oceee 1 2. 833 135. 254910) SOP 2100) x3a1 0 Reese 9.36 | 6.990 
Salmon River project, farm lateral, 1 . 399 LAS LOIE ole Ol ele li ier. S41 yan -015 | 10.30 

Salmon River. 

NS) fae ps ep iene eee Era RE cin 1 . 378 STD peteulo |e col eney eel G2] e274 G | eee . 033) 5.70 

iD) Oe Se a SOS eager ie ae Oe 1 519 athstAl coca Ooo Leh WAl ot Minsass= . 068} 6.90 

UBD XO ee chek Se re ss ney Sh ean 1 . dol VS 28) er 29 |i 2s Ole 2a S80 len 2e 9 eee ee - O11 - 90 

OBS Ca Sate Sete AA Aer cise Mele oe 1 .004 2.18 | .31 BHO Shel: Phaxiiee sacs. . 049} 2.30 

| 

DO: eeeyr rs. een sce au SS 1 .976 LOA GCOS PLO VEGal= SCH essca5 - 099} 4.40 
Salmon River project, main canal, 1 2. 928 7856) |) 1529) 9452.0) 46525) SO eee 5.88 | 7.50 


Salmon River. 


CONCRETE LINING FOR IRRIGATION CANALS. 


measurements—C ontinued. 


Loss per mile. 


Loss per 
square 
foot of | Character of material 
wetted in the channel. 
Maxi-| Mini- area in 


mum.|mum. Mean. 24 hours. 


Teta || deta \\ eta 

cent. | cent. | cent. | Cu. feet. 

5 jc es eee 9.90 2.22| Medium gravelly.... 

2 ae eee ee 10.80 SHV [2 es el 0 (0 pa As ae 

3 Sass) Secs 3.70 2528 BG Lav ellivyaee yee 

. ee eae 2.40 2.58} Sand and gravel..... 

ae eee 25.90 .55 | Medium clay loam... 

eee eee 15. 20 .88 | Shallow clay loam, 
hardpan at 14 feet. 

sees eee 13.30 .68| Clay loam underlain 
with hardpan at 
14 feet. 

_ aes | eee 2.50 SO Clay; loam sees ss) 

- a eee 4.00 . 43} Shallow clay loam... 

oes eee 7. 60 .95| Medium clay loam, 
hardpan at 23 feet. 

- 2igdo See 2. 60 .71) Medium clay loam, 
underlain with 
hardpan and 
gravel beneath. 
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Source of informa- 


tion! Remarks. 


Report D.H. Bark, 
9th Biennial Re- 
port State Eng. 
Tdaho, 1911-12. 


Measured Aug. 24, 1912, 43 
miles southwest of Rigby. 
Uniform cross _ section; 
partly in dike; weeds and 
sweet clover growing in 
ditch; used 7 years. 

Measured Aug. 23, 1912, 7 
miles southwest of Rigby. 
Uniform cross __ section; 
carrying about one-half ca- 
pacity; clean channel; uni- 
form velocity; used 6 years. 

Measured Aug. 17, 1912, 44 
miles southwest of Rigby. 
Irregular grade and cross 
section; moss and roots in 
channel; used 8 years. 

Measured Aug. 16, 1912, 6 
miles southeast of Rigby. 
Uniform grade and cross 
section; growth moss and 
weeds in channnel and on 
banks; used 8 years. 

Measured June 20, 1912, 14 

miles east of Hollister. 
Banks fairly regular; bot- 
tom fairly well silted; used 
1 year. 
Measured June 19, 1912, 4 
mile east of Hollister. Ir- 
regular cross section; bot- 
tom silted in places; other 
places hardpan exposed; 
used 1 year. 

Measured June 20, 1912, 14 
miles east of Hollister. 
Clean, uniform cross sec- 
tion; hardpan exposed; 
used 2 years. 

Measured June 21, 1912, 2 
miles east of Hollister. 
Clean, uniform cross sec- 
tion; used 2 years. 

Measured June 18, 1912, 14 
miles southwest of Hollis- 
ter. Clean but somewhat 
irregular cross section; 
ditch across nonirrigated 
sagebrush lands; used 1 
year. 

Measured June 19, 1912, 2 
miles south of Hollister. 
Clean, uniform cross sec- 
tion; water 2% feet below 
surface, flowing on hard- 
pan; used 2 years. 

Measured June 17, 1912, 3 
miles southwest of Hollis- 
ter. Uniform cross section 
and grade; canal carrying 
small part of capacity; 
water flowing on hardpan; 
used 1 year. 
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Canal and stream or locality. 


| Number of measurements. 


Section measured. 


Tdaho—C ontinued. 


Salmon River project, lateral A, 
Salmon River. 


Salmon River project, coulee in 
main canal, Salmon River. 


Salmon River project, main canal, 
Salmon River. 


Salmon River project, check basin, 
Salmon River. 


Murphy Land & Irrigation Co. 
farm lateral. 


Murphy Land & Irrigation Co., 
main canal. 


Farmers’ Union, A-B, Boise River. 


Farmers’ Union, B-C, Boise River. 
i] 
iFarmers’ Union, C-D, Boise River. 


Settlers, A-B, Boise River.......... 
Settlers, B-C, Boise River 


Settlers, C-D, Boise River 
Settlers, B—D, Boise River... 


Caldwell high line, A-B, Boise 
River. 


Caldwell high line, 
River. 


1 

1 

¢ 3 

1 

5 2 

2 

B-C, Boise \ 2| 


i 


— 


— em DD 


} 


809 


. 189 


- 469 


. 623 


. 254 


4.568 


. 812 


- 69 


Flow at upper 
end. 


192. 4 


206. 9 


- 685 


1.282 


1. 454 


19.3 


21.7 
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TaBLE I.—Seepage 


Dimensions of 
canal. 
q ; 
= 2 S 3 S 
| & >. = n o 
| S 2) oh 3S Rn 
a i Gell Bee S £ q 
~_ uu w O S n sot 
a | oS |}sg - g n 
>) = = = ° 2 
so ap |i _— i = 
SES eye |S) 8 = 
es |S FS iS) S = 
o fe! Oo 5) = [) 
es Ss Tne = 
Feet 
per | Sec.-| Sec.- | Per 
Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 
1.96} 23.3) 24.50} 1.98)....-. 3.447) 93570 
12 | OWE /o)| 1 6Ss20)|- G5 eee 2.30 | 1.20 
1.84] 68.1) 68.75} 1.62]...... 8.41 | 4.10 
SS ops ceive feeereren | ee | eee OA 2 iallaseee 
ant Abbe | PESO) Mesos. -030) 4.40 
ote hal] CEG LGR na scce . 086; 6.70 
say BEG BSE TMhOW oe. - 562) 38. 1 
Ol wel OSS ells 25)| 3 | eee 1.81} 9.40 
298) 102) 173 || S87 eee 2. 25} 10. 40 
Ree eral tee 
eae ee 
ceaaleahc al aes | oe eee [is Searels 


en ee ee ee a 
4 


CONCRETE LINING FOR IRRIGATION 


measurements—Continued. 


Loss per mile. 


Loss per 
square P 
foot of | Character of material 
| wetted in the channel. 
Maxi-} Mini- area in 
mum.|mum. Mean. 24 hours. 
ecient erent ber 
cent. | cent. | cent. | Cu. feet. 
soaps See 1.20 0.73 | Medium clay loam, 
underlain with 
limestone shale at 
14 feet. 
SGones|Seoeee 30 15 | Rock and clay loam 
iiss ellie eX 1.00 -48 | Clay loam underlain 
by hardpan; rock 
exposed in places. 
sands Sosa Seaeee 1.09 | Lava rock covered 
with clay loam 1 to 
3 feet deep. 
See 5 |eaosee 9. 30 -45 | Impervious clay 
loam. 
oeeeeslsenoes 4.10 SOM ee Ou eae sooner ea 
PAu Sa Sets 7.30 . 442) Varies between im- 
pervious clay loam 
and sandy loam, 
all underlain with 
hardpan. 
omy elite ee = 15 2.10 .576, Clay loam mixed 
with gravel. 
sane doe 2.70 5? || CE iRtne sale pacdallscoak 
saSGes| ese 1,78 1.57 |)Clay, silt, and gran- 
ES eee ter 14.35 1,82 ite wash. 
(ens alee 1,49 1,38 
5 5 corel Neer Get 11.66 ALD ae OO eee Bisa 2 
<i a ee eee 1,27 1,20 \ Granite, sand wash, 
Bee ee dlc ec 2.09 1.79 |j and lake deposit. 
SURE eae 1. 85 1.26 | Granite, sand wash, 
lake deposit, and 
volcanic ash. 
ae Sl eee 1.18 1.07 een and gravel, 
ee Reena 1.29 1.16 partly cemented. 
a a est ee 1.80 1.87 | Cemented gravel and 
sand. 
she Sees 2. 85 OSLO Seek On Sere way site 
= eS Rea . 42 . 44 Fern eer 
and and gravel 
oS aaa a i: ; ue more or less ce- 
ASS el eee i ¥ mented. 
61 43 Voleanie ash, clay 
“iE rere 2.77 1.85 and cemented 
Bete oop ; : gravel. 
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Source of informa- 


Z Remarks. 
tion. 


Measured June 15, 1912. 
Uniform grade and clean 
cross section; canal carry- 
ing only part of capacity; 
water flowing on limestone 
shale; used 2 years. 

Measured June 16, 1912. 
Coulee or natural water 
course; well silted greater 
part of section. 

Measured June 16, 1912, 
below check basin. Clean, 
uniform cross section and 
grade; used 2 years. 

Measured June 14, 1912. 
Small lake about 62 acres; 
rather regular in outline; 
1,200 feet of rock cut at 
outlet; used 2 years. 

Measured May 27, 1912. 
About 10 wooden drops in 
this ditch; regular cross 
section; irregular grade; 
used 2 years. 

Measured May 27, 1912. 
Ditch carrying only one- 
fifth capacity; uniform 
cross section; no weeds in 
channel; used 2 years. 

Measured May 26, 1912. 
Irregular cross section; car- 
rying only small part of 
capacity; numerous drops; 
varying grades; used 2 
years. 

Measured May 23, 1912. 
Clean, uniform cross sec- 
tion; mostly side-hill sec- 
tion; well silted; used 3 
years. 

Measured May 23, 1912. 
Clean, uniform cross sec- 
tion; well silted bottom 
and banks; used 3 years. 


Report D. H. Bark, 
9th Biennial Re- 
port State Eng. 
Idaho, 1911-12. 


Report F. W. Han- 
na, in report of 
Boise Conference 


of Operating En- |}Bottom. 
gineers, U.S.R.S., 
Boise, Idaho, 
Nov., 1911. 
aati GOs aaa ee Do. 
\ do Ue ane open Side hill. 
macys do...............| Bench and bottom fill. 
\ do Re San eae ies Side hill. 
a ek GOs ace ee Do. 
Yee GO ee ee aie enche 
a Soe do...............| Side hil! and bench. 
(0 a ee ee reeae gy” Side hill. 
| done 222 ebench: 
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Canal and stream or locality. 


Tdaho—Continued. 


Middleton Water Co., A-B, Boise 
River. 


Middleton Water Co. and Middle- 
ton Mill Co., Boise River. 
Do 
North Mora, A-B, Boise River 


North Mora, C—D, Boise River...... 


Rawson, A-B, Boise River 


Kuna, A-B, Boise River 


Teed, A-B, Boise River 
Eight-Mile, A-B, Boise River.....-- 
Kennedy, A-B, Boise River 
Eureka, A-B, Boise River 


River. 


Boise Valley, A-B, Snake River.... 


Ridenbaugh farm lateral, Snake 
River. 


Portneuf-Marsh Valley, Main Canal, 
Portneuf River. 


ee as 


| Number of measurements. 


et pt 


wees 


Section measured. 


5 
for 
[on 
= 
Fae) 
ae 
bo 3 
5 S 
Ss a 
Miles. | Sec.-ft 
1.7 101.3 
1.99 58.4 
1.95 57.1 
14.91 | 107.6 
16.15 96. 0 
2. 08 9.51 
2.04 4, 43 
4.56 38.7 
1.56 29.1 
2.00 11.2 
5.69 32.2 
5.81 20. 4 
2. 26 24.5 
2. 20 15.3 
3.96 11.3: 
Sarg 5.06 
85 7.47 
35. 4 
1.80 18.6 
14.6 
. 682 277 
.379 364 
1.534 1.219 
1.881] 43.6 
1.746, 45.5 
3.000 50.3 
4.533] 59.0 
4,862| 73.0 


Dimensions of 


canal. 

| § 

3 
ener 
Xe} o 
a | os 
5 ee 

an 
a |3 
s |5 
Ft. | Feet. 

| 
ose 
0.21, 1.5 
E28 |e 
PAQe Ose 
1.44) 19.8 
1.58] - 19.7 
le 7Agh OSG 
TSS ly 21a 
2.12) 24.8 


TABLE 
| = 
= 
iS AS 
sr ale slp 
= Sleeea) ee 
se| | 32 
Soe eo les 
~~? 5 re 
= ae eco 
o oO —_ 
4 > a 
Feet 
per | Sec.- 
Feet.| sec. | feet. 
W460), “Ol 74eeees 
L78)\-St8) S528 
2:90) LLG aes 
2O875|— 550s ae 
203756 143 hee 
20558) ac1h44|- ees 
22.68) 1e37|tee-2- 
25590) Sl S25) See 
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Total loss in section. 


Sec.- | Per 
feet. | cent. 
0.083} 30. 00 

081} 22.20 
.096) 7.90 
15355) oek0 
1.90} 4.20 
4.80 | 9.50 
8.70 | 14.70 
14.00 | 19.20 


measurements—Continued. 


Loss per mile. 


Maxi-| Mini- 


|mum.|mum. Mean. 


Per 
cent. 


Per 
cent. 


Per 
cent. 


i L.-.-f a.60 


CONCRETE LINING FOR IRRIGATION CANALS. en 
Loss per 
fcot of Ch f 1; S f inf 
ooto ‘haracter of materia ource of informa- 
wetted in the channel. tion. Remarks. 
area in 
24 hours. 
Cu. feet. 
Report F. W. Han- 
na, in report of 
0.83)Clay and silt over- Boise Conference 
204} lain with wind- of Operating En-|}Bottom. 
1.42}} blown ash. gineers,U.S.R.S., 
Boise, Idaho, 
Nov., 1911. 
11.31] Gravel, silt, and clay |..... GOs see eee ae Do. 
overlain with wind- 
| blown ash. 
E125 |e Ont eR ets Goer Do. 
.23| Hardpan overlain |.._.. (0 Ya Be Ane Se Bench. 
| With mud. 

ESGl eee Cie eres te |e ee GOs ae ee Average; weeds in canal; 

bench. 

.52} Mostly mud bottom |._.... GOs er ee ee Bench. 

' underlain with 
hardpan. 

-17| Hardpan overlain |..... GO ee ee Do. 
with mud. 

P39 Rees OFS eee Se a” Gacy eae eh beeen Do. 
Vy ae CORES ee ee OF see dg Pea Do. 
S68ios0 GO Be eee ale ee dO eee Do. 
1 2.52) Clay, silt, muck, and |....- Gore i eae es Bottom. 
sand. 
122 20 eee = CB Ke a ae i ae Ie COLO WE Sen ta Perea Do. 
UTE 46ie eee CO er ee semen | se GQOse rete ee Do. 
al Fete? | Gar ae a OVD a heeies Rte acer yee ri | on Sone’ GOset ees tee rer Do. 
11.96 Granite, sand wash, |..... CORES every. Do. 
tone and silt. 
*$o\{|Sand, granite wash 
1 , ’ 
1 y ae gravel, and silt. \. ---GO....---2------. Do. 
1.17| Clay loam mixed | Report D. H. Bark, | Measured June 27, 1912, 1 
with gravel. 9th Biennial Re- mile south of Meridian. 
port State Engi- Regular cross - section; 
neer, Idaho, 1911- weeds on bank; first half- 
1. section in low dixe; used 8 
years. 
1.97, Deep and porous me- }..-.. G0 a SE ee Measured June 26, 1912, 3 
dium clay loam. miles west of Meridian. 
Deep uniform cross-section; 
some weed growth in chan- 
nel; used 5 years. 

.d0| Impervious clay ]..... Oke se Measured June 28, 1912, 2 
loam. miles west of Meridian. 

Uniform cross-section; par- 
allels a larger lateral 10 feet 
away; used 5 years. 

.57| Deep, uniform, and |...-. GOA rae er oe Measured Aug. 31, 1912, sta- 
finely divided clay tions 981+72 to 1081+6. Car- 
loam. rying only small part of ca- 

pacity; clean uniform grade 
and cross-section; used 1 
year. 

felt) eseae (0 (oe eines Sores A Ms GOs forrest Measured Aug. 31, 1912, sta- 

tions 889+49 to 981+72. 
Balance same as foregoing. 
128 | coe (0 (Oe ss meee ea Un pe GOEL os ee nes Measured Aug. 31, 1912, sta- 
tions 731+19 to 889+49. 
Balance same as foregoing. 
ot) see GOSS ee hee 2s eae owe sake 22 eh ae Measured Aug. 31, 1912, sta- 
tions 491+84 to 731+19. 
Balance same as foregoing. 
LES 2|E eee GORE seers eee | eee CO Se ee ea eee ee Measured Aug. 21, 1912, sta- 


tions 235+11 to 491+84. 
Balance same as foregoing. 


24 


Canal and stream or locality. 


Idaho—Continued. 


Portneuf-Marsh Valley, Lateral C, 
Portneuf River. 


Portneuf-Marsh Valley, 
Portneuf River. 


lateral, 


Louisiana. 


Ferre, pump 


Montana. 


Big Ditch, Yellowstone River 


High line, Yellowstone River....... 
Yellowstone, Yellowstone River.... 
Italian, Yellowstone River.......... 


Canyon Creek, Yellowstone River. . 
Mill, Yellowstone River 


Flaherty flat, Yellowstone River... 

Merrill, Yellowstone River........-- 

West Gallatin Irrigation Co., West 
Gallatin River. 


| Number of measurements. 


a 


a 


Section 


Length. 


Miles. 
- 478 


1.309 


1.175 


22.00 


33. 90 


26. 50 


23.25 


measure 


pper 


end. 


Flow at u 


Sec.-ft. 
24.1 


13.17 


3. 84) 


~100 
CS) 
mon 


254.5 


Mean depth. 


97 


. 68 


Width of water 
surface. 


9.5 


5. 4 
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d Dimensions of 
e canal. 


ro = 
eee 
Oe | § 
eS 
wa O a 
ae | 2 
~— oO Ts 
wa | § 
8 Gs 
4 > 
Feet 
per 
Feet.| sec. 
13.20) 1.41 
10.10) 1.36 
On9o| LO? 
Bs eT 1.31 
oe 1. 26 


| Diversions in section. 


Total loss in section. 


i) 


26.3 


18.8 


Per 
cent. 
4. 60 


. 60 


48 


43 


- 60 


27.05 
19.35 
15.33 


28.10 


26. 80 
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measurements—Continued. 
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Loss per mile. 


Maxi-) Mini- 
mum|mum. 


Per 
cent. 


Per 
cent. 


Mean. 


Per 
cent. 
9.60 


5. 40 


3. 90 


81 


-16 


32 


Sulit 


Loss per 
square 
foot of 
wetted 
area in 

24 hours. 


Cu. feet. 
2.88 


41 


Character of material 
in the channel. 


Very gravelly........ 


Clay loam slightly 


mixed with gravel. 


Sandy loam mixed 
with small amount 
of gravel. 


oe silt loam and 


heavy yellow clay. 


6 miles sandy loam; 
5 miles heavy clay; 
remainder light 
sandy loam. 


Source of informa- 


tion. 


Remarks. 


Report D.H. Bark, 
9th Biennial Re- 
port State Engi- 
neer, Idaho, 1911- 


12 


Report W. B. Greg- 
ory, Journal Assn. 
Eng. Societies, vol. 


49, No. 1, 
1912. 


ar uly, 


Report Samuel For- 
tier, O. E. S. Bul. 
172, 1906. 


Se 


wmeecre teste eee 


} 


Measured Sept. 3, 1912, 2 
miles north of Downey. 
Clean uniform cross - sec- 
tion; water level in ditch 
about Same as ground sur- 
face; used 1 year. 

Measured Sept. 3, 1912, 2 
miles north of Downey. 
Clean uniform cross - sec- 
tion; carrying less than one- 
fourth capacity; uniform 
grade; used 1 year. 

Measured Sept. 3, 1912, 2 
miles north of Downey. 
Uniform cross-section; car- 
rying very small part of 
full capacity; used 1 year. 


Measured Aug. 7, 1911, from 
Benoit flume to Lyons 
Point fume. 


Measured Aug. 9-13, 1900 
from Tilden’s ranch to Hes 
per farm. 


Measured June 10-13, 1902 
Received some inflow from 
High Line Canal and irri- 
gated lands. 

Measured Aug. 4-6, 1902. Re- 
ceived some inflow from 
High Line Canal. 

Measured 1903. Received 
some inflow from both the 
High Line and the Yellow- 
stone canals, and irrigated 
lands. 

Measured 1903. 

D 


O. 

Measured 1903. Receives 
heavy inflow from canals 
and irrigated lands above 
it. 


Do. 

Measured 1903. <A large in- 
crease in this section in 
third and fourth miles from 
head due wholly to seepage. 

Measured 1903. 


Do. 

Measured July 18-20, 1900. 
No canals or irrigated lands 
to affect this section by 
waste water. 

Measured June 24-25, 1902. 
No canals or irrigated lands 
to affect this section by 
waste water. 

Measured 1903. No canals or 
irrigated lands to affect this 
section by waste water. 
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| 
2 F Dimensions of 
a Section measured. ae 
q g Ec 
5 H i 3 = S = 
n &. & — Ss 3 > 
¢ A os} a, 3 a5) S n ® 
Canal and stream or locality. g = | RE Ors S ¢ a 
=| ia (<>) 3 1. 4 gq 
ro) tens! S S ais = FSI a 
~ A fax} a o = Sis | SS (=) n 
S| = s Sole |e ae & 
a Sas 2 sey S| = 3 
oie | 8 lee eee 
ae Fe Palen ese ol ES Se cae a 
| Feet 
Montana—Continued. per | Sec.-| Sec.- | Per 
; Miles | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 
Pneren or Kughen, West Gallatin 1 7. 82 Oia portal Meee bal eens We de ee | eee 7.6 | 28.70 
iver. 
Kleinschmidt, West Gallatin River.| 1] 17.50} 96.1 |.....|.-...-|.----- [tena one | 10.24] 10.70 
Middle Creek, West Gallatin River.| 1) 4.0 63:05 aene 8.5 | TOS eee 31.2 | 12.2 | 19.40 
Republican, Bitter Root River..--.- 1 3.6 IPD ES lipscee E25 elos 2 eae 9.31) 34.3 | 28.50 
Oregon. 
Adams (old), Little Klamath Lake.| 1) 6 16200 eel eee ae ee 1.37| 1.73] 10.20 
Adams (new), Little Klamath Lake| 1 8 TREE Miah ae Ee [vee 2) Oo -esh toe 60 
| 
Ankeny, Klamath Lake........ ele aloe GS ree ollie anes Pelt [essere eneee 7.84) 18.10 
Pilot Butte, Deschutes River....-- 1 2.07 SSP oy et ees eee te eee 1.0 9.4 | 10.60 
DOS ee te ee ere ile Ach s184 TRAM ele errno en ieee 8.0| 6.6] 8.42 
Deira nade aes Meee ae ts Ne gee B72 Slee 04 Rie eee 2.97) Co -2ets380 
1 DOW see EUR ers A arse ee Pee a 1 1.78 abe esos eat ie eel ens te 0.0 1.6} 5.26 
TDR a RM geal ult 5 28 Se fie to St Pere. | E86 alee ees 0.0| 2.5] 8.68 
IDOLS hag Ss Aaa dale are eee Le 72.25 WEG Vsesac 182 ks pares ae [rete oe 7.9 4.1 | 15.50 
Oregon Central, Deschutes River...| 1) 2e5il RS losose SGeSul eee eee 0.0 | -17.7 | 31.30 
(DOM ee wi et eens eee aree 1 2.18 S80. ae. ose Secccl aeeees 0.0] 15.9 | 40.90 
- 
Maxwell, Umatilla River_.......... 1 1.75 162391. 32|(So rece eens eee 0.0 3.2 | 19.60 
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IRRIGATION CANALS. 


Loss per mile. 


Loss per 
square 

aa foot of 
wetted 
area in 

24 hours. 


Character of material 
in the channel. 


Mean. 


Source of informa- 


an Remarks. 


T2ape\) JEGp 


I dd 


very rocky and in 
places steep hill- 
side. 


Extremely rough.... 


ural channels in 
places, some sSilt- 
ing where grade is 
light. 


miles; remainder 
in earth, with 
small rock cuts at 
intervals. 


rock cuts at inter- 
vals. 


el and bowlders. 


First mile along a |}. 


Roughin places, nat- |_ 


Rock cut first 2]. 


Earth, with small |. 


Mostly cement grav- }. 


Measured 1903. Some inflow 
seepage. 


Measured 1903. Seepage ins 
flow from creek channels 
and narrow irrigated val- 


Report Samuel For- 
tier, O. E.S. Bul. 
172, 1906. 

SSO se ose a aes 


leys. 
Report Samuel For- | Measured June 27, 1900. 


tier, O. E. S. Bul. 


Measured July 21-23, 1900, 
from headgate to north line 
of Grantsdale. 


eee (UV ea cee ome ee ee eee 


Measured July 15, 1904, up- 
per end of section 600 feet 
below Lost River flume. 
Grade, 1.8 feet per mile. 

Measured July 16, 1904, up- 
per end of section, 300 feet 
below Lost River flume. 
Grade, 0.7 foot per mile. 

Measured Aug. 20, 1904, up- 
per end of section, 200 feet 
below power plant. 

| Doubtless heavy loss in 
first mile. 

Measured Sept. 5, 1905. 
Heavy grade, numerous 
natural drops. Stations 
75+100 to 184+-50. 

Measured Sept. 5, 1905. 
Heavy grade, numerous 
natural drops. Stations 
184+50 to 281+-40. 

Measured Sept. 8, 1905, sta- 
tions 71+00 to 228+ 90. 


Report F. L. Kent, 
O. E.S. Bul. 158, 
Sep. No. 4, 1904. 


Report A. P. Stover, 
O. E.S. Cir. 67. 


Measured Sept. 8, 1905, from 
stations 228+90 to 322-+-90. 

Measured Sept. 8, 1905, from 
stations 322+90 to 630+00. 
Heavy grade first one- 
third section; remainder 
light grade. 

Measured Sept. 8, 1905, from 
stations 630+00 to 760+00. 
Channel entirely in cut; 
grade light. 

Measured Sept. 6, 1905, from 
station 34+75 to 170+50. 
Bottom well silted; new. 
channel; dry for some time; 
porous. 

Measured Sept. 6, 1905, from 
station 170+50 to 285+-50. 
New channel in good con- 
dition; dry for some time; 
lower end of section well 
silted. 

Measured July 20,1905, head- 
gate to waste gate No. 2. 
New channel; only slightly 
silted; grade uniform. 
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“UOTJOOS UT SSOT [BIOL 


“ULOLJOOS UT SUOISIOAT(T 


‘yeuro ut AqLO0[o A, 


*1opoults0d 
poyjom JO YyysuoryT 


| 


*QOBJANS 
TOV JO UPI 


Dimensions of 
canal. 


*puo 
joddn 48 MO[yL 


“yysuo'y 


Section measured. 


*SVTMOTAOINSBOLT JO LOG UITLN | 


Canal and stream or locality. 


Per 
cent 


Sec.- 
Jeet. 


Sec.- 
«feet. 


| Feet | 
| per | 
SEC 


| 
Feet. | Feet. 


Oregon—Continued. 


Maxwell, Umatilla River ........-- 


1.6 | 12.20 
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DOr see eee eee 


1 DT ae ee Ee aS eee 


Qe ee eae ee 


IBY Ese - pe ae a ee 


Doe. 


Maa See et ies Se Se 


35. 60 


6.3 


NS 


DY) 2 See Se ae ie eee ee 


10. 10 


1.0 


9.9 U a WETe LS ee Tt ae eee 


Bowsle, dost Rivero: 28... ==. 


2 DA ee Ne ae ee lee eee -32 14.50, 


Dunn (lateral), near Ashland.... 
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Loss per mile. 
i Loss per 
square 
foot of | Character of material} Source of informa- 
wetted in the channel. tion. 
Maxi-| Mini- area in 
mum.|mum.|“e@2-/ 94 hours. 
Jap \| JAG ANN IEP 
cent. | cent. | cent. | Cu. feet. 
Bessel oa cs 53 =‘|......--.-| Cement gravel cut...| Report A. P.Stover, 
O. E.S. Cir. 67. 
PR RE a 3 2S ae || Coarsessandy: soiling | Ss doses eee ee sence 
some few places 
well silted. 
ail Sle ae 20h tee Much sthemsamerasnin send One se yseeaeeee 
‘ preceding section. 
=i st ee SS EVN Sa Os ol | he eee aE NS eel LO art 6 0 dere ite tu 
Bes seagate te DOSS eee esl SOO Meet NiUmMe. x4 Silos 2 Os eases. oe 
feet wide, 2 feet 
deep; remainder 
coarse, orous 
gravel and shifting 
sand. 
Sepia a ee a ORO Ween el eaviyen sand. andes eed Obese sae ee eee 
gravel cuts. 
ae eae TL AN aon eee ae ei chascravelomands) ees Oeecre cme ae 
loose sand. 
subsea | ces Aaa een es Ne SanGanaenravela| sass On senso ane aae 
“4 sSeyma| Miata Awa eens MP Oroustetavels witht |a. 2 -d0e- ee sees ee 
bottom filled 8 to 
10inches deep with 
fine sand. 
po ae eel PS ee DOS Ia | ae mae ee Sand, with hardpan |..... GOMER este es 
at depths of 4 to 8 
feet. 
ca ae ees Done pee eee |) Exposed. gravels |Se-COr aseece cae cee 
lower end of sec- 
tion. 
ase ee a Sela | poe eee Dh rouehtsand! Cubsses|p ead Oenee nae e eee 
2G eee 2OSO ees eeeeee Much ather Same) as! Phe sed Oeeile eee see oe 
preceding section. 
= og ORE SE Se eee ee Mostlyacwelleisilteds |Seassd Oneness -eee eee 
coarse sand. 
bee aie ZL) [silt eee a Dh Pe Bas ae Se i | RL COG Mie aie 
TE alos LOMIG Ree Oo eee eeeeeet ee eer Reporte da Kent 
in office manu- 
script. 
So Aree irda ere to ete sepa fae hn Roe ee Se ists ice LOS co Reareisiciaialsegiae 


Remarks. 


Measured July 20, 1905, waste 
gate No. 2 to end of gravel 


cut. 

Measured July 20, 1905, from 
end of gravel cut to lateral 
No. 1. Under compara- 
tively low velocities scour- 
ing causes loss through por- 
ous lining. 

Measured July 20, 1905, from 
lateral No. 1 to siphon in- 
take. Toward lower end 
section quite well silted. 

Measured July 13, 1905, from 
headgate to station 440. 
See detailed description in 
succeeding 10 sections 
measured. 

Measured Aug. 8, 1905, from 
headgate to station 450. 
Loss mostly through por- 
tion in coarse, porous grav- 
el; no deposition of silt; 
cross section irregular; 
banks of shifting sand. 

Measured Aug. 8, 1905, from 
station 50 to station 100. 
Irregular cross section; no 
silting. 

Measured Aug. 8, 1905, from 
station 100 to station 154. 
Uniform cross _ section; 
steep side hill; silting only 
at intervals. 

Measured Aug. 8, 1905, from 
station 154 to station 209. 
Uniform cross __ section; 
well silted. 

Measured Aug. 8, 1905, from 
station 209 to station 252. 
Uniform cross __ section; 
quite well silted. 

Measured Aug. 8, 1905, from 
station 252 to station 325. 
Uniform cross section; part 
of section well silted. 

Measured Aug. 9, 1905, from 
station 325 to station 353. 
Uniform cross section; bot- 
tom well silted. 

Measured Aug. 9, 1905, from 
station 353 to station 400. 
Uniform cross __ section; 
fairly well silted. 

Measured Aug. 9, 1905, from 
station 400 to station 450. 
The several hundred feet 
on ridge seeps heavily. 

Measured Aug. 9, 1905, from 
station 450 to station 470. 

| Measured Sept. 19, 1905. See 

detailed description in pre- 

ceding 10 sections meas- 


ured. 
Measured 1905. Supplied 
from pumping plant. 


Measured 1905. 
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Canal and stream or locality. 


Utah. 


Logan and Richmond, Logan River 


Logan, Hyde Park and Smithfield, 
Logan River. 


Bear River west line, Bear River... 


Section measured. 


upper 


end. 


| Number of measurements. 
Flow at 


| Mean depth. 


BOO EIN IN INES 


=~! 


or 


sal 


or 


S. DEPARTMENT OF AGRICULTURE. 


Dimensions of 


canal. 


th of water 
surface. 


| Wid 


TABLE I.—Seepage 


Length of wetted 
perimeter. 
| Velocity in canal. 
| Diversions in section. 
Total loss in section. 


a5 be 


ha 
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dl 


Loss per mile. 


Loss per 
square 
foot of | Character of material | Source of informa- 
wetted in the channel. tion. 
Maxi-] Mini- area in 
mum.|/mum. Mean. 24 hours. 
IEap || JEP | VA 
cent. | cent. | cent. | Cu. feet. 
BE oe |e Le QEGT| Rass ce eee ston eee eae ec ere mEeport -Georger lve 
Swendsen, O. E. 
S. Bul. 104, Sep. 
No. 3, 1900. 
= ne |e ee AIA) | escape hoe Neg Ilan pejee et fen Reece aye aie (pat Oana ates 
meee Tease 50] Maeeserormes ea ee Nee sae Ses cere O\e at eink e Veale tT 
SNE |S ene 195 () | eerie ys [ete noche. vats Saas See eee AO Oraeis conc chsis ene 
SE ee eee E5540 | ee Eek A oe Sa ia ee ee year tN K 0 ee eR 
oe eee eee GET | eee | ea ents cis mae re ee Ours Ss Ue eae 
sodas Ae SER Repti Rael emteaiae crare cise cee ere lees Ae Oa eh ae ear mNe e 
Bee ere tk Tis 2k SSR saa |S BOSS Scie ae Se sere |S MRO Ke eee See eee 
Eat Aol Re fea BOR 00 | Eee eens Pee eeee eee eae hee ELC pOLtwalmMlulel Hn or= 
tier, Utah Expt. 
Sta. Bul. 26, 1893. 
RS Se Gal0| Ree ee RC OArSeens a eee Report imricatlonin- 
vestigations for 
1900,O0. E.S. Bul. 
104. 
Shotpniel Laue 3. 30}_....-....| Mostly rock cut, | Report A. P. Sto- 
some disintegrated ver, O. E.S. Bul. 
limestone. 119, 1901. 
3 erg | Cae 2. 60|.......--.| Porousside hill along Bei (les ad: fags RAE | 
river bottom. 
Bt aee |i B34 ee eee a ME eawys COMPACt SOAp=|h2 >= sd Ovcnae eens ere 
stone formation. 
(Report J. C. Wheel- 
1.83 Pe ie pee ae on, of Utah Sugar 
petites oe eae eae . Co., office manu- 
| script. 

a es OED Ree eee tee ONO) bie Sete ae Sie aha CORES sameness 
Sees ae St Rc senza Sep SRA UE eae ee ee 6 (oye ee SS 
= Soe eer ASA | ei iesg || = OOS toa aia Soe celne eee On enisinne Sonne 

| a 77.13) eee el C6 (a ea pegs es Ee Ba does. oF eed 
poo eee Wed | Meee dae ase eisjaracins eles ce vite | SO DORLeA. Pe Stover: 

O. E.S. Bul. 119, 

1901. 

2358 eee Se aoe ees Sl SS os ie Reet ms SIU ens: 276 [0 ae gh te Mea 

a a hae Se se ee dareerig. Nis, eek 

Sa Bo ake ee eA we NE ee F(t oe EE 


Remarks. 


f 
| 


Measured 1899, 


Averages 
only. 


Measured 1900. Average 
measurements for identical 
sections. 

Measured 1899. Loss in per 
cent average for six meas- 
urements. 

Measured 1900. Average 
measurements for identical 
sections. Measurement 
July 12 omitted. Steep 
mountain side. 

Measured Aug. 31,1893. Up- 
per end of section at head- 
gate. Allin canyon. 

Measured Aug. 11, 1900, 
along steep hillside from 
headgate to power plant. 


Measured June 25, 1901, from 
headgate to flume No. ils 


Measured June 25, 1901, from 
flume No. 1 to flume | No. 3. 

Measured June 25, 1901, from 
flume No. 3 to Corrinne 
division EES Along side 
hill bluffs. 


Measured May 28, 1902, from 
headgate to Corrinne divi- 
sion gates. 


Measured June 28, 1902, from 
headgate to Corrinne divi- 
sion gates. 

Measured July 28, 1902, from 
headgate to Corrinne divi- 
sion gates. 

Measured Aug. 26, 1902, from 
headgate to Corrinne divi- 
sion gates. 

Measured Sept. 22, 1902, from 
headgate to Corrinne divi- 
sion gates. 

Measured June 25, 1901, from 
Corrinne division gates to 
Malade flume. Entirely in 
excavation. 

Measured June 25, 1901, from 
Malade flume to bridge No. 
13. Entirely in excavation, 
uniform conditions. 

Measured June 25, 1901, from 
bridge No. 13 to bridge No. 
18. Entirely in excavation; 
uniform conditions. 

Measured June 26, 1901, from 
bridge No. 18 to Rowe- 
ville. 
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& : Dimensions of 
= Section measured. ean 
3 : Sache: E : 
. —_ — = 
Canal and stream or locality. = 5 E D ¢ S L 
g 5 . = oO o a 
3 real faecal a Ue opi iafel b\e as 
io) »d eB S alg “4 wn = 
fa c as is = og SS 8 Rn 
5 fe = ro Siareh=. || 2S = & 
Q > Sa\so = ea = 
eee 2 z aise ela oy s 
5 3) = RR ® o m 3 
Zales ea Sees Spl 1S) = 
F Feet 
Utah—Continued. | per | Sec.-| Sec.- | Per 
Miles. | Sec.-ft. | Ft. | Feet.| Feet.| sec. | feet. | feet. | cent. 
TPOGET o ses acl se ope ieee a ne eae 20. 2 | 10.10 
DAD SAA le Serato Bell 2 nso reyes | eee 20.0} 8.15 
74 ol Peel | Rel inne SN ee A es 19.6 | 9.00 
Bear River, west line, Bear River...| (| 16.5 
85.10; age as te eee oes | Cee 12.6 | 6.80 
1 7 oh cael fae ie ee [ee eel ‘| ee ee 19.3 | 12.70 
SIGs Soe. |e. eee See eee eee 6.7 | 8.20 
Bear River, Corrinne line, Bear ice DESEO Ae eras ae ee cll eee tay ene 31.9 7.37| 6.20 
River. 
DO eae a eee a Re ee We $n CE TaN eee ee ee eee SES a 28.3 4.53] 5. 68 
DOPE eee ances eee ac tae eee i Sb. DOJO ES =e nates Sees eee 12.13] 2.69) 4.85 
Anderson & Spilsbury, near 1 .75 ESTG EE Se Pe aera | eee - 41} 23.30 
Toquerville. 
Peter Anderson, near Bellevue. ----. i 70 D593 |S SOae el Se eS oe oe eee . 35] 12. 00 
Bellevue Town, Bellevue....-.----- hei 5s S598) oe 2 oe ee | eee . 58} 6.50 
Cottonwood, St. George....--.-.-.- 1} 14.0 703). 52 o)asoesc ieee [Saas bee 3.17| 45. 10 
Brigham Dalton, Rockville. ......-- 1 ay e123 foes ees | Sco Gee aan ee . 04) 5. 60 
Davisand Pace, near New Harmony 1 12 2.29). Bsa a Astacio ese ae nes eee . 18} 7.90 
Dry field, near New Harmony...-.-- ft] eae tO 22321 c S828 asad poet or eee eee . 28} 12.10 
Flanigan, near Springdale. -........ 1 U75 14:5; | s2sce| ER ee ca leocees eae . 86} 5.90 
Hurricane, near Hurricane.......-- 1). 412 21: 84)3.5.|. eee ete eles | 2.25} 10.30 
William Jackson, near Toquerville..| 1 75 TDs | each oe eee en eres | eee -02} 1.7 
13555) .28 20 eee eee | eee eee 45 30 
La Verkin, near Toquerville........ 2 5 15) 
Us O4| hea rr Pee aes SE atk 01 10 
La Verkin field, near Toquerville...| 1 5 3.451 <:.cedlossect Aeeenor ee nee eens . 56| 16, 20 
ILG@aGley mESIRMIVECOS Set cdecccosmdads is IO 9:60) 222.22) sos eee aac esol emeces Seeeee . 65} 6. 80 
Daniel Mathews, near Mount Dell..|_ 1} .25 | TeGaH Meee Pee Se ee .17| 11.20 
NATE AGeM VAR OTN se eect = see ee 1}. 095] Sef ae | -ceickledaccs|- east eee . 08} 10.80 
Mount Carmel City, near Mount fl 75 AvA5 eon. laseacal tener secon aeeeee $02) ae 50 
Carmel. 


ie oe —— 


OO ee 
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| 
Loss per mile. 
Loss per 
foot of bh f 1 f 
} oot o Character of materia Source of informa- " 
wetted in the channel. tion. Remarks. 
Maxi-| Mini- area in 
poms mum. Mean. 24 hours. 
| 
Rem ren | Per, 
cent. | cent. | cent. | Cu. feet. ef 
Report J.C. Wheel- Measured May 28, 1902, from 
on, of Utah Sugar | zt 
ako area OAT sce acorn Hear sees he bea ee seal. “Gin. = : Corrinne division gates to 
| ‘o., Office manu- Raweulics 
script. 
[E: Measured June 28, 1902, from 
Ja eee Ae eee 1G eee eae) acgmene ee ee ec eerto en ibe lon oeget | Men CORFIDMER GI VISLOR gates to 
| Roweville. 
Measured July 28, 1902, from 
‘nelstere | Fe hee Sl eae ee Beet ne ee ee Cortinne division gates to 
Roweville. 
Measured Aug. 26, 1902, from 
fee el ee ge All| | ees eee eens series ne ore oe aa eS et oh Corrinne division gates to 
Roweville. 
Measured Sept. 22, 1902, from 
te oe ( seine Ue ae ater ee ether dgus bows) ve) 1 Corrinne: division gates to 
Roweville. 
(Measured Oct. 24, 1902, from 
3s ae eee Pl eeent eee eeepc ee cee a |G dome. ee. * (1 “Cornnne: division gates to 
Roweville. 
Dc eel pe keene BLO ee ee eee ol SRE DOLE Aja Stover, pvleasured June 265 1901 from! 
O. E.S. Bul. 119, Corrinne division gates to 
1901. bridge No. 14. 
SSeS ees feo Meee |e ee nee ee endo. 6.2 a|eMeasured June 26, 1901, from 
bridge No 14 to’ Red 
lies Flume. 
fe eg EN brane (2) ones eet eae ner eee eee ee SC Oe sens. 4 |) Measured une: 27/.u1 90leotnom 
bi Flume to bridge No. 
eos eee 31.00}..........| sandy loam;iriver | Records of office Appreaias grade 5 feet 
worn gravel and State engineer of per mile, 
bowlders 2 inches Utah. 
to 2 feet in diame- 
ter: 
Pea eee te Ole al OeITILCSTSOLIG: TOCKsIN Nee oad One aeee ee | cOO teat talle 
ravine; 2 miles 
black loam. 
ope oe ASSO soe oes shoulders; ¢-veicanic Pee OM ere eee 4Oleotsalls 
soil. 
Reena ee 3. 20|.........-| } solid sandstone ra- |_....do-............-.| 700 feet fall. 
vines; 4 sand and 3 | 
black loam. 
Yee are 11.10)....---.-- Sandhya Oa eee ee One een een Aoteeteralle 
ee cr sere. Be Gos 00|sae os eee bine sraveland clay-|p=.2-d0-.- 4-55. 4--2..) 1s feet tall: 
Se eee im eee eee CAN drangd Clay.) ses|he ee dOse. =e oss |, (reetualle 
pice Eee QO se == l\eBlack. Joam’~ and.|> 52 -- GOn se acmieee 5 feet fall. 
gravel. 
ees eal Bc DE peo =|) Volcanic ledge: gyp= I. ---do... 2-2... - + _-|/ 20 feet fall. 
| sum in places. 
RA ee ae a eee ean yalOam sap ee eee On ee saa. | Dueeu dalle 
| 4. 40 Voleanic ledge; gyp- \ do 5 feet fall. Measured May 10, 
"aus ese Ser tire Sot sum in places. OS ES Aaa 1910. 
5 feet tou ie ets May ees 
| 1910. coated with clay 
°5 See Peso 18).------.-.]-----0..-.-+-2-++-+--/-----dO-----2--------/) Since previous measure- 
ment. 
an eee ase ee oandy loam. ~ 255... 2-€022..2+2--4-2-..\5 feeb fall: 
ee Eee peste * | Bedded “sandstone |) ....do........_.)...||-50 feet fall. 
with strata dipping 
toward the moun- 
| tain. 
ee ee 4800. 23.2 rk. Sandy loam and |...-. GOR are eS 2 feet fall. 
gravel. | 
-- 3206 LESS ee ee lps yaloaimen 5s nod Olen eee tooimall: 
-- beep oe POOP ee = | Ohannelicoatedawith) |pa. s=-d One.) 5.8 == 3116 teehfall: 
clay deposit from 
; floods. 


26a0/-— bull. 126143 
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Canal and stream or locality. 


| Number of measurements. 


Utah—Continued. 
North Ash Creek, near Bellevue. ... 


Orderville Town, near Orderville. .. 
Pace & Prince, near New Harmony. 
Henry A. Pace No. 1, near New Har- 


mony. 
Rockville South Field, near Rockville 
Joseph Sanders, near Mount Dell... 
Santa Clara South Field, near Santa 
Clara. 
Santa Clara Town, near Santa Clara. 


Gottlieb Schmutz No. 1, near New 
Harmony. 

Shones Creek, near Shonesburg..... 

Spring Ditch, near Toquerville.-..-. 


St. George and Washington Field, 
near Washington. 
West Field, Toquerville--..-....... 
Huntington, Huntington...--...... 
Washington. 


Prosser Falls Irrigation Co., Lateral, 
Yakima River. 


Kennewick, Yakima River......... 


—_ 


Le el eel oe pe ed 


Dimensions of 
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TABLE I.—Seepage 


Velocity in canal. 


Diversions in section. 


Total loss in section. 


Sec. 


ee es 


Section measured. ane 
=) Poe ee | ee 
Bee fs | Soe 
q oO ee lis mm 
t > q |S" | ba, 
Sachse g j= |§ 
4 & = |e | 
Miles.| Sec.-ft. | Fi. | Feet.| Feet 
0. 50 E6625. 
72 AAS hs see oe eae 
=] BBY Pe Sop Sek eee hee es 
SvAll BSS aa aby Soe ee 
.19 Se De eee oes I ey ee 
20 Vex OA IN patter (Rely. SU) oe ea, 
. 40 CPEs 7 Weree ee eel | ese gee teal (Aer te 
25 2 OL ses Pelee ee 
. 25 a Ail etre aes ape ees ae 
ats PB aac iee pe Pe a 
S TAF Ze 52 Use eal oe oleae 
4.25 SESS tse sheen ere eres 
ol! io W eee S| SE eee | ee i 
1.25 AU) ae epee Se 
.379 SOOM oer lace toyis pa nee 
) 72 Sa a Pees ee) eS | eee 
9.0 1G Onset sees 
ACN Rete er a pee 
78: Gilets Sele eee 
OG T3107] el ese files 
12440, a eee eee 
mG | 68.8 |...........-...-. 
Ot Oia Sou ae Eee TR. 
6.0 LOO SOF [er see peat ae eet ae 
us oT eae Be Nee ee 
2B Bees emeoee| laseede 
2.6 PUD Aaa cet Nad bs ake 
156 PALA il fe ae OS ee Ste 8 
30.0 GSI Retin ieee ilies 
18.0 S40i00) = eee eee 


1 Gain. 


Sec. 
Jeet. 
0. 17 
101 
aoe 
. 08 


eeu 
- 05 


-73 


- 03 


- O01 


- 43 
0 Gls 


32.0 
30.0 
24.0 
9.8 
5.0 
4.0 
10.5 


23. 0 
13.0 


: 258.0} 38.0 


| 
| 


| 


171.0} 40.0 


| 


11. 80 
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measurements—Continued . 


Loss per mile. 


Maxi- 
mum. 


Loss per 
square 
foot of 
wetted 
area in 

24 hours. 


1.04 


Character of material 
in the channel. 


a 


Channel coated with 
thick layer of clay. 

Gravel and black 
loam. 


Sandy loam......... 
Oe Ut ae a § 


Gravel and black 
loam. 

Sand and gravel..... 

2 sandy loam; + river 
worn gravel and 
bowlders, 2 inches 


to 2 feet in diameter 
Sandy loam......... 
River rocks and 


sandy loam. 
Clay and blue slate 
rock points. 


35 


Source of informa- 
tion. 


Remarks, 


Records of office | 5 feet fall. 


State engineer of 
of Utah. 


2 feet fall, ground saturated 
from recent rains. 
1 foot fall. 


2 fect fall. 

2 feet fall. 

3 feet fall. 

4 feet fall. 

2 feet fall, flowing a much 
larger stream a few hours 
before. 

2 feet fall. 


7 feet fall. 
2 feet fall. 


21 feet fall. 
3 feet fall. 
7 feet fall. 


Mostly coarse gravel | Report O. L. Waller,| Measured Oct. 31, 1900. 


covered with soil 
4 to 9 inches deep. 


Mostly seamy ba- 
saltie rock. 


6 


O. E.S. Bul. 104, 
1900. 

eport S. O. Jayne, 
. E.S. Bul. 188. 


Measured Sept. 9, 1904, De 
Moss’s bridge to flume No.1 


d Measured May 11, 1906, De 
20205 O.--------------]) Moss’s bridge to flume No.1 
do stone et Sept. 27, 1906, De 
ree eh pean a ae CHS TASES Moss’s bridge to flume No.1 
a Measured Oct. 16, 1906, De 
Teer WSS SSS OCDE ae ce Moss’s bridge to flume No. 1 
ale Measured Sept. 27, 1906, 
ECOG eG po een { flume No. 1 to flume No.2. 
EN tee fo Kopi pe ies ae Do. 
al { Measured Sept. 9, 1904, flume 
Plait eo caressa pen hn No. 1 to flume No. 3. 
ae Measured May 11, 1906, flume 
Pavia, Peis sara dara eta { No. 1 to flume No. 3. 
Say do...............| Measured Oct. 16, 1906, flume 
No. 2 to flume No. 3. 
ao ee ae July 3, 1906, flume 
Rae tetera choy ee gk to Butterfield’s bridge. 
ao Measured Aug. 21, 1906, flume 
Rime alia tein eg che { to Butterfield’s bridge. 
Bees do...............| Measured Aug. 21, 1906, flume 
to northeast corner section 
PALS 
ace do...............| Measured July 6, 1906, ceme- 
tery to Rankin hopyard. 
Be Ee ee eae ee Report J.C. Stevens,| Mean of continuous measure- 


Trans. Am. Soc. 
(Ce Biss SAG Zl, Toy 
339, 1909. 


ment, Apr. 16 to Sept. 15- 
1909. From intake to 3C- 
mile station. 

Mean of continuous measure- 
ment, Apr. 16 to Sept. 15, 
1909. From 30-mile station 
to 48-mile station. 
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TaBLeE I.—Seepage 


zB as 
ae, A Dimensions of 
: Section measured. aanate 
5 & g 
B S Ss a | z= | 
S a Ss) op ele ae 
Canal and stream or locality. 4 5 ee ileal ee R 
a <>) 5 q | 
a oy Eee ices cette mE Dn z= | 
2 eS a | oS |og q 2D 
hw 5 aR ® = aI Db S) a 
2 fo} Ko} ro ap Loe +> Te = 
e| & ee) eolesaen | Ee |S a 
=) ® 22 oo eS Ks) o 2 S 
Z eS) Se ey See (S a 


Washington—Continued. | 
Miles. | Sec.-ft. | Ft. | Feet. | Feet.| sec. | feet. | feet. cent. | 


Sunnyside main line, Yakima ....) 12.0 1OQNO|: sy aaeh BE nla 8 eae 99.0 | 21.0 | 16.30 
River. 
Sunnyside, Snipes Mountain Lat- |.... 9.0 SOHO ler seen ee eee Meh eas ENE 30-0) L250) 3e50 
eral, Yakima River. 
Wyoming. 
| BOLT eee ie aie eee, salle reas 00.0 4.35) 4.85 
Wheatland No. 2, Laramie River...; 2 1.50 
BGr5 ken tere anaee eee 0.0| 1.46 4.00 
| 
Bos Slk cea wal eine aeeper 0.0 | 4.23] 4.96 
TD) OMe: Sekar ee enc Oa eh a 2 2.50 
By sei ee ae caapel in ge wee | Sa 0.0 | 1.05) 2.99 
; SIL Splt ee eae Se Bs ove cae eres 0.0 3.06) 3.77 
DD) Oe ee ee SESE ae aeons 2 2.40 
| BAR ORAS ESI Re aL bates | 10.95 OE L®) 
| TEUOWE: GEL AOE AE oa elena 25.79| 2.78] 3.56 
WD On oe Soe ae SE een oe ae eee 2 4.40, 
: | PAB ors area oe (A A | Petes a eee T2505). 2203) 87; 
| AO Aste oe eae fe Ba Selo cee 0.0 20} .40 
ID) On ees ames eee aoe ey oe 2 1.70) : ; 
3 13 es RORY a ees I eee 0.0 1.07| 8.04 
AQ 2 ate se aero al oe conta |e hae 20. 88 - 48 97 
TD) OPER ieee ete Sos Went aealaee 8 ee ps 2 2a, 
PDS eieee 2 | ese es |e eo | eee 5.64 Sle WS 
I) 2 Paar Sd a 8 Sh ian ate ere 1 2.33 le 9) Beall erase Sees | ee P2RS1 ~ 15) 254 
| | | 
1 Gain. 
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measurements—Continued. 


Loss per mile. 


Maxi- 


-seeee 


Per 


cent. | cent. 
1.36 


Per 


Loss per 
square 
foot of 
wetted 
area in 

24 hours. 


Character of material 
in the channel. 


Cu. feet. 
1.65 


aioe elelei= ots wile ae wom i= = 6 © 6.8 = wie eo =o ciclo 


Source of informa- 


= cS, 
Tone Remarks 


Mean of continuous measure- 
ment, Apr. 16 to Sept. 15, 
1909. From 48-mile station 


Report J.C.Stevens, 
Trans. Am. Soc. 
C. E., vol. 71, p. 


339, 1909. to 60-mile station. 
rie We do.......-..-...-| Mean of continuous measure- 
ment, Apr. 16 to Sept. 15, 
1909. 


Measured July 9-11, 1900, 


from station 1 (headgate) 


Report Clarence T. 
Johnston, O. E.S. 


Bul. 104, 1900. to station 2. 

Measured Aug. 20-22, 1900, 

eae GOs ea ye ae from station 1 (headgate) 

to station 2. 

do {eres July 9-11,1900, 
Eiiy SAREE eo Oy from station 2 to station 3. 
aa {Measured Aug. 20-22, 1900, 

Se SME GTM Le a \ from station 2 to station 3. 
do haere July 9-11, 1900, 
Rie ae ee eS |\\. from station 3 to station 4. 
do |{Measured Aug. 20-22, 1900, 
RETR he Eee eR '\. from station 3 to station 4. 
do | eee aie July 9-11, 1900, 
Puta: sak oan SS ae eee from station 4 to station 5. 
ale | aaa Aug. 20-22, 1900, 

PA aL eh GE ea '\. from station 4 to station 5. 
a | Crate July 9-11, 1900, 
CLT LE eet cat naanae SS from station 5 to station 6. 
AG |fMeasured Aug. 20-22, 1900, 

ee Wd ia ee ge ear from station 5 to station 6. 
ae | geen July 9-11, 1900, 
Semele ite Teel mcrae ae | from station 6 to station 7. 
do | eee ee Aug. 20-22, 1900, 

Boh Gay One ig de eh EI \. from station 6 to station 7. 
SE aee do...........----| Measured July 9-11, 1900, 


from station 7 to station &. 
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FACTORS AFFECTING SEEPAGE. 


It is not within the scope of this publication to include a detailed 
discussion of the various factors influencing seepage, but in order to 
form a reliable estimate of the loss by seepage from a proposed 
canal, the principal factors should be carefully considered. Briefly 
these are: 

(1) Size and shape of grains and general character of materials. 

(2) The gradual deposition of silt. 

(3) Depth of water over the wetted perimeter. 

(4) The relation which the wetted perimeter of the canal bears to 
other hydraulic elements. 

(5) Velocity of water in canal. 

(6) Inflow of seepage water. 

(7) Temperature of the soil and the water. 

A study of the results of the measurements secured brings out the 
close relation existing between the unit loss as expressed in percent- 
age of flow and the size of the canal. Three hundred and twenty- 
three separate and distinct sets of measurements are grouped in 
Table II according to the capacity of the channels. It is interesting 
to note in this table the fairly constant decrease in the average loss 
in per cent per mile as the capacity increases. 


TaBLE II]. —Swmmary of seepage measurements expressed in terms of per cent of total 
: flow lost per mile of channel for various sized canals. 


} = / 
Average 


; . = Average 
Capacity of canal (second- | Number ies Capacity of canal (second- | Number 
per = loss per 
feet). of tests. mile: feet). of tests. File. 
| 

Per cent. Per cent. 
HjeSs liane eeseceseee os oee ace 16 251s || DO TOW sea niesn cece icieleee eters 31 4.3 
ANCOR Ea eee ece ose cence e 37 2052 (79 CONLO0 LS =. gece eo cee ese 26 Da 
BtOsl Orie econ tect sewers 30 112 7c (LOO CO 200E seas ee eee 45 1.8 
LOO oe eee ea 49 1251 200'0;800 52 2-22 scene eee eae 27 dee 
QO Beata oe ee ee eee 48 5a OOO earl LEO VC Taree en 14 1.0 


THE CARRYING CAPACITIES OF CONCRETE-LINED CANALS. 


The laws governing the flow of water in concrete-lined channels do 
not differ from those for any other waterway. The force of gravity 
which produces motion in the water of a canal on a given grade is 
usually quite evenly counterbalanced by the various conditions which 
retard flow. These retarding influences are: (1) The frictional re- 
sistance of the wetted perimeter of the channel; (2) the influence of 
air in motion; (3) the existence of sharp curves, projecting objects, 
and irregularities of cross section, alignment, and grade; (4) the 
presence of sand, gravel, stones, or other shifting material; and (5) 
the presence of aquatic vegetation in the water or any rough coating 
on the perimeter of the canal. 


Le 
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The study of hydraulics has not yet reached that stage which will 
justify the assignment of definite values to the various influences 


which retard flow and thereby lower the efficiency of irrigation 


canals. One can do little more than consider all such factors collec- 
tively and designate them by the common term ‘‘frictional resist- 
ance.’ This has been done in the empirical formula known as 
Kutter’s, where the letter n, called the coefficient of friction, repre- 
sents not only the degree of roughness of the channel but all the 
other retarding influences to which reference has been made. 

All the data pertaining to the carrying capacities of concrete- 
lined canals procurable at this writing (March, 1914) have been assem- 
bled and summarized in Table III. These results have been de- 
rived from a number of sources and represent rather wide differences 
in channel conditions. They likewise represent the work of a num- 
ber of engineers who have employed somewhat different methods in 
making the necessary measurements. They are therefore not strictly 
comparable, but may be used as a basis for general deductions. 
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Tasie I11.— Measurements of flow in concrete-lined canals giving hydraulic 


i) i 
a = g , 
| 3 se) 
= : é H e >) $ 
\ : Shape of = 2 3 age is 2 
Canal and location. ae Sah = i 2 BS 3s 3 = 
o) = ao gS = — — 
= = gq Pa S a0 
Seip ate aS 5 = 5 
ea) A A |e I a 4 
Idaho. Feet.| Feet. |Sec.-ft. Feet. Feet. 
10 4.24; 294 2.75 |0.000237 | 0.11 484 
10 4.28) 294 | 2.76 | .000262 229 875 
10 4.35] 294 | 2.81 | .000170 |] .058 340 
10 4.30) 294 | 2.81 | .000237 | .401 1, 699 
10 4.58) 318 2.96 | .000245 - 408 1, 665 
Trapezoidal e a , z = 
Ridenbaugh, Boise Valley.....-. i sores 12 ae eM PAN a) 2G) | OLA oe ne 
NOM sues XO) ied kete Dal esis |Sxas ae 1, 000-2, 400 
LO selere: LOSS) 2a Slee seve ees 1, 000-2, 400 
TIO leer Be BEI) | OI hesécscce|Wecsec 1, 000-2, 400 
LQ sia eras BR WN ah Z) ee kecoacelbeocse 1, 000-2, 400 
NOS: Were Mie sea) esesSaacllacocce 1, 000-2, 400 
LO; eeee 03% (925 06y| e555 oe ee 1, 000-2, 400 
TiO iaakaeeea O20). |oocdauln eee eel eee 1, 000-2, 400 
Vee 2ae YO) Re OZUD TE BE eee 1, 000-2, 400 
ieee aes 376 55l cosililig | Sere amyl [ees 1, 000-2, 400 
1) ee Sighs ICOLG One seat 6 aes 1, 000-2, 400 
LQ eee Daa Wells Seeesoac welsossos 1, 000-2, 400 
Kings, soacewiver (Popes LB | BL BS) ns ose a 
© Airs Tape gn Ree ee Ta mae A r 10 1.62 54. 8} 1.25 | .000448 . 248 556 
10 1.62) 54.6} 1.25 | .000450 415 925 
AO ea eee 316 | 2.14 | .000300 | .300 1, 000 
Arete 3 1,027 | 3.88 | .000388 | .388 1, 000 
Boise Main Canal, section No. 2, Peay oe | aa ’476 | 2.64 | -000362 | . 362 1” 000 
Boise Valley. a e A eee 245 | 1.95 | .000288 | .288 1,000 
AQ iaal sees 119 | 1.44 | .000288 | .288 1, 000 
AQ a) Seve ae 1,209 | 4.22 | .000312 | .312 1, 000 
AQ ele sees 1,011 4.35 | .000263 | .630 2, 400 
Boise Main Canal, section No. 3, Nese 
Boise Valley. fee AQe4| tapes ie 470 | 2.45 | .000334 |} .800 2, 400 
AQ Traleyeaee 470 | 2.65 | .000246 | .590 2, 400 
AQM esas ec 238 | 1.87 | .000300 | .720 2,400 
A ee ee 238 | 2.09 | .000204 | .490 2, 400 
Boise Main Canal, section No. 4, \ ao AQ cane <3 1,027 | 3.64 | .000316 | .757 2, 400 
Boise Valley. SS Bee AAC) | Ree 456 | 2.89 | .000147 | .353 2, 400 
New York Canal, Payette-Boise.| Trapezoidal.| 39.6} 5.6 |1,824 | 5.23 | .0001611) 0.097 602 
RidenbaweheB olsehese meee sn sel eeaee don este: 10 27 | 2202 2254) |) [0002516 05226 901 — 
DDO 5 Rs ee ES eae te aca Ls do. 10 B22) ol6s ale 2201s OOO28Sa Reece 1,020.6 
Twin Falls North Side, near Mil- | Nearly rec- | 40 |...... 2,637 | 5.434] .000639 | 2.132 1, 900 
ner. tangular. 
Oregon. 
Umatilla, U. S. Reclamation | Trapezoidal ese pees ees 5.7] .58 | .00070 . 652 932 
Service project. slopes 14 
ol. 
DANO). Soe i58 205 2.13 | .00140 9 640 
VASO | Scot 205 | 2.17 | .00167 -2 120 
DO... - 220-2202 e eee eee eee Semicircular|) 14 9) 205 | 2.15 | .00273 | .6 220 
LA Ql are: Hate 205 PMO UO ge ta) 1.075 


1 Radius. 


or 


elements, value of * ( 
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“Y 29 


in Chezy’s formula and “*n 


” in Kutter’s formula. 


4] 


Velocity feet per 
second. 

C in Chezy for- 
mula 


WN RRR wit Oe 


2.06 
7.10 
6. 86 
6.94 
7.15 


Ore GW bo 


Condition of surface, 


etc. 


Bee oa 28, 
sa| £4 Be 
Ma 0.2 ov 
= cE) S bp 
fo) og 
A2 a oo aon 
“4 ea = 5 
Orn © 
= a3 = 
0. 0106 
ould 
0095) 
0110 Current | Leveland 
0116 meter.| hook gage. 
. 0118) | 
0132) 
0130, 
0122) 
0124) 
0127 
OUST ead ossees Gages. _..- 
- 0112 
.Q118 
. 0126) 
. 0129, 
0122! 
0140, 
. 0144) A Level and 
0143s 90-=s-- { hook gage 
. 0143 
Level,and 
. 0140) with 
- 0154) gages 
A012 |Eadowen- chipped 
- 0149 into con- 
.0170 erete 
0139)) 2% every 
| 200 feet. 
OGS ee Oren Be Ou Re ese 
0130 
O19] Sedotseeai ha dost = 
. 0147 
- 0148 
. 0124 
0123 \. =(6 (0) 2=98 ae Clos 
0101; Vertical | Level and 
curves.| hook gage. 
MOISES dower |" cdo... 
OIA dome. PAC Ones 
0138). ..do- Ed Osa 
.013 | Current | Level and 
meter. gages. 
. 0132 
0149 
0189 Ose eens do. 
0142 


{ 


Same as above. 


Lining 


Lining consists of 34 


inches concrete 
base with 4 inch 
MOTTA Coat 
Depth 6.5 inches 
with 1 foot con- 
crete berm on top. 
Maximum depth 
of water 6 feet. 
Surface equivalent 
to sidewalk finish. 


Sur- 
face very smooth. 


4 inches 
thick, hand tamp- 
ed; no surface coat; 
rough finish; no 
moss. 


Rough troweled sur- 


face. First meas: 
urements had con- 
siderable rock and 
stone in bottom, 
others had only a 
small quantity. 


Much gravel in bot- 
tom 
Mera little gravel in 


bottom. Concrete 
rather rough and 
some of it disinte- 
grated due to freez- 
ing during con- 
struction. 


Similar to set above. 


Concrete troweled 
to smoother sur- 
face. 


Medium rough con- 


crete, 
joints. 


plastered 


Very smooth cement 


Rough 


wash on concrete. 


rock cut 
rather lightly con- 
creted, leaving an 
irregular undulat- 
ing surface. 


Surface smooth and 


regular. 


Concrete built with 


forms not trow-’ 
eled. Grain of 
lumber shows. 


Remarks. 


Tangent; practi- 
cally no gravel. 
Reverse curve; a 


few cobblestones. 


Tangent; a few 
cobblestones. 


Total of above 3... 


Same 2 months 
later, More 
gravel on bot- 
tom. 

Same 2 months 
later still. 


‘Numerous curves. 


— 


Partly tangent. 


Combination of 
above two. 


— 


All tangent, gaged 
500 feet below 
inlet and 300 
feet above out- 
let. 


Mangenijeaeers eee ee 


Number of sharp 
curves. 


| 
: 
| 


ang enitaees eee 


One slight curve 
approximately 
same as above. 


Mangentieesee see. 


All on curve with 
100-foot radius. 
All on curve with 
50-foot radius. 


Slight curve....... 


Nearly all curves. . 
ONNNEDIRYESacanoace 


| 


Reference and 
authority. 


Jnpublished rec- 
ords of Office Ir- 
rigation Investi- 
gations. Meas- 
urements by Don 
H. Bark. 


-Records of U. S. 


Reclamation 
Service. Meas- 
urements by W. 
G. Steward un- 
der the direction 
of F. W. Hanna. 


Unpublished  rec- 
ords of Office of 
Irrigation Inves- 
tigations. Meas- 
urements by 
Don H. Bark. 


Records of U. S. 
Reclamation 
Service. Meas- 
urements by W. 
G. Steward un- 
der direction of 
F. W. Hanna. 


Same as above. 


Do. 


F. C. Scobey. Irri- 
gation Investi- 
gations. 

Do. 


B. P. Fleming, Ir- 
rigation Investi- 
gations. 

F. C. Scobey, Irri- 
gation Investi- 
gations. 


Records of U. S. 
Reclamation 
Service. 


Do. 


4 


TasBie III.— Measurements of flow in concrete-lined canals giving hydraulic 


| 


: Shape of 
Canal and location. Seetianl 
Oregon—Continued. | 
Central Oregon Irrigation Co.’s F 
north canal, Bend. }Trapezoidal. 
Utah. 
Trapezoidal 
Davis & Weber, near Ogden..-.-. slopes 1 
tol. 
Davis & Weber Flume Canal, | Trapezoidal. 
near Ogden. 
ID OSs seers. So. = at eens dott== 
South Cottonwood, Ward Canal, | Trapezoidal 
Murray. but nearly 
rectan g u- 
lar. - 
Washington. 
Sulphur Creek Wasteway, Reach : 
No.4, Sunnyside project, U.S. |}Semicircular 
Reclamation Service. | 
Sulphur Creek Wasteway, Reach 
No. 6, Sunnyside project, U.S. |\--.-. dosc=: 
Reclamation Service. 
Moniana. 
Hamilton Flour Mill, Hamilton..| Rectangular 
with fillet. 
California. 
Lateral 12, Orland project, near | Trapezoidal 
Orland. with dish- 
ed bottom. 
Sanderfer Ditch Co.’s main canal,| Trapezoidal. 


Whittier. 
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=) [wes 
. = So . 
= | a hs 3 
noes Fae cae | ee z 
E So | Sa | ss | a 3 
S| as a SSE Es Se = a 
fo) = ce | —_ = 
=| | Seep ees 2 
aa) | 2) = D + 4 
Feet.| Feet. Sec.-fi. Feet. Feet. 
ORS] wpaeeet 25.7 | 0.883} .00095 | 0.221 240 
Ey ee 74. 86| 1.627) .000629] 0. 151 240 
inter eee 98.3 | 1.952) . 000525) 0. 124 240 
22°) 2970) 208 1-2: 24) sopnang|=. el eee 
22 | 2.65) 202 | 2.21 nose Wan | 2 es eee 
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elements, value of ‘‘C” in Chezy’s formula and ‘‘n” in Kutter’s formula—Continued. 
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Tasie III].— Measurements of flow in concrete-lined canals giving hydraulic 
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elements, value of ‘‘C” in Chezy’s formula and ‘‘n” in Kutter’s formula—Continued. 
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Perhaps the most important conclusion to be drawn from tbe 76 
measurements of the 18 canals summarized in the table is that the 
so-called coefficient of friction n is on an average larger than has 
usually been assumed by engineers. The results show that only in 
rare cases, where conditions are more or less ideal, is one justified in 
assuming a value as low as 0.012 for n. The Ridenbaugh Canal of 
the Nampa and Meridian irrigation district of Idaho, shown in Plate 
XVII, figure 2 (p.80), belongs to this class. The flow in this concrete- 
lined canal has been measured by at least five engineers and their 
average result as regards the value of 1 is a trifle below 0.012. In the 
results given in the table, one also finds a value of n as high as 0.0197 
and five others greater than 0.018. Again, in the concrete-lined canals 
of southern California a coating consisting of a vegetable and mineral 
accumulation was found adhering to the perimeters. The effect of 
this coating on the flow of water is seen in the high coefficient of 
friction for these channels as given in Table III. This coating may 
be observed in Plate I, figure 1, which shows a portion of the Santa 
Ana Canal near Orange, Cal. 

The following approximated values for n may serve as a guide to 
those who are required to estimate, prior to construction and opera- 
tion, the discharge of lined canals. 

I. n=0.012 for concrete-lined canals having a smooth sidewalk 
finish, clean bottom, no moss, uniform cross section, well-formed 
joints, long tangents, flat spiral curves, no perceptible undulations 
on the surface of the water, and in general the best construction and 
the best conditions obtainable in practice. 

II. n=0.013 for concrete-lined canals having conditions slightly 
better than those of Type III and not so good as those of Type I. 

III. n=0.014 for concrete-lined canals having an unplastered or 
rough troweled surface, clean bottom, uniform cross section, well- 
formed joints, medium curvature, no spirals, shght surface undula- 
tions, no aquatic vegetation, and in general good construction and 
favorable conditions. 

IV. n=0.015 for concrete-lined canals having conditions similar to 
those of Type III, but with greater curvature and some débris or 
other retarding influences. 

V. n=0.016 for concrete-lined canals of average workmanship and 
medium conditions, having a rough surface, imperfect jomts, and 
sharp curves; also for canals of smooth lming and good workman- 
ship, but having one or more unfavorable conditions, such as sand 
and gravel in the bottom or projecting joints which decrease the 
velocity of water. 

VI. n=0.017 for concrete-lined canals roughly coated, but other- 
wise in medium condition. : 
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VII. n=0.018 1 for concrete-lined canals coated as in Type VI and 
having the bottom more or less covered with sand and gravel, or else 
a clean bottom but poor alignment, irregular cross section, broken 
gradient, or the like. 


OTHER KINDS OF LINING. 


Experiments were made by this office in 1906 in cooperation with 
the University of California * to determine the cost and relative merits 
of different kinds of canal liming. A series of short experimental 
ditches were excavated in a field in Stanislaus County, Cal., about 4 
miles east of the town of Modesto. The channels used were 50 feet 
long, had a bottom width of 2 feet, a depth of 24 feet, and a slope of 
14 to 1 on both sides and ends. 

The experiments were continued under the direction of the writer 
the year following on the same site, and a similar set of experiments 
were also conducted on the university farm at Davis, Cal. The 
results obtained in 1907 at both sites did not agree with those pub- 
lished in the progress report and in consequence the final report was 
not published. The belief is quite general, however, that the report 
of the results obtained in 1906 ” tended to give erroneous impressions 
as to the relative merits of certain kinds of linings. This is especially 
true of oil liming. The Lemoore Canal & Irrigation Co. of Kings 
County, Cal., was cited as an example where heavy crude petroleum 
containing a high percentage of asphaltum had been successfully 
used in lining 14 miles of their main canal. It would appear that 
this experiment did not prove altogether satisfactory since the com- 
pany which tried it has discontinued the use of this kind of lining. 
Other investigations have shown that oil lining is not effective for a 
long period of time. Even in California where a heavy oil containing 
a large percentage of asphaltum can be purchased for about 2 cents 
per gallon, practically no canals have been lined, to the writer’s 
knowledge, with this material in the past five years. 

When lumber was cheap and cement expensive it was common 
practice in the West to line the weak and leaky portions of canals 
with lumber in the form of flumes. The short life of wood, particu- 
larly where it is in contact with moistened earth and exposed to the 
air, the high cost of maintenance, the high cost of lumber, and the 
somewhat lower cost of cement have all tended to lessen the use of 
wooden lining. 

Reference has already been made to the advantages of a natural 
lining of silt derived from the earthy impurities borne by the water 
in the canals. A clay puddle may likewise serve as an effective bar- 


1 The value of n for some concrete-lined canals exceeds 0.018. In such cases, however, the increased car- 
rying capacity due to lining is counterbalanced or nearly so by deposits of débris in the bottom, aquati¢ 
vegetation, or other causes. 

2 California Sta. Bul. 188 (1907). 
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rier against the escape of water. If the bottom of a new canal in 
porous material is covered with a layer of clay, moistened, and then 
used as a feeding ground for domestic animals it may be rendered 
quite impervious. Some of the thoroughly worked clay can after- 
wards be removed from the bottom and placed on the slopes. When 
domestic animals are not available to mix the clay, it should be done 


by harrowing and packing. A layer of coarse gravel spread over'the — 


clay lining and tamped into it may prevent the erosion of the clay 
and render it more effective. 


THE ECONOMY OF CONCRETE LINING. 


In determining the economy of concrete lining for a given canal, 
one has to consider and compare the cost and benefits of such work. 


Itemized statements of the cost of concrete lining for various canals © 


are given in another part of this report. The principal benefits to be 
derived from lining are briefly discussed under the following heads: 

(1) Seepage water and its value——The ‘possible saving in seepage 
losses by lining can be readily determined for canals already in use, 
and the portions in which this is important can be located by measure- 


ments of the discharge. In some cases the loss in short distances 


may be sufficient to make the lining of these desirable, although it 
would not be practicable to line the canal as a whole. 

In the case of a new canal, a reasonably close estimate of the seep- 
age losses which are likely to occur may be made from the data given 
in Table I. 

In nearly every irrigated district of the West water which can be 
saved through the prevention of seepage has a value. As the demand 
for water increases the value of any saving will also increase until 
methods of canal lining at present too expensive to be considered may 
become practicable. The value of the water which may be saved 
varies widely in the different portions of the country. On the larger 
systems now being constructed, water rights are being sold for from 
$25 to $50 per acre, and in some cases for even higher prices. — 

Based on the final estimated cost and acreage included, the average 
estimated cost per acre July 1, 1910, was $48.14 for the United States 
Reclamation Service projects and $21.75 for the Carey Act projects. 


The duty of water delivered under these rights is also variable and ~ 


will probably average 1 second-foot to 100 acres. Inasmuch as any 
saving in canal seepage can be delivered to the user with small addi- 
tional loss, each 0.01 second-foot saved should make it possible to 


serve another acre. The additional expense required for such irri- — 
gation would be for the lateral system only, as the storage and diver- — 


| 


sion works would not be affected. On this basis each second-foot of 
water which can be saved should have a:value of from $2,500 to $5,000. 
Allowing $750 for the additional cost of the distributing system leaves 


— ee 


f 


E 
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FiG. 1.—SANTA ANA CANAL NEAR ORANGE, CAL. 


(Showing moss and mineral accumulation on wetted surface.) 


Fig. 2.—By-PASS CHUTE, ORLAND PROJECT, U. S. RECLAMATION 
SERVICE, ORLAND, CAL. 


(From a photograph furnished by A. N. Burch, project manager. ) 
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$3,000 as a general average for the value of each second-foot saved by 
lining. 

(2) Increase in carrying capacity.—The volume carried by a canal 
in earth is as_a rule much less than that carried by a concrete-lined 
canal of the same dimensions and grade. This is due to the smoother 
perimeter of the latter, and its greater uniformity in cross section, 
alignment, and grade. The discharge of a typical canal in earth 
having a mean velocity of 2.5 feet per second and a coefficient of 
friction (n in Kutter’s formula) of 0.0225, may be increased from 25 
to 80 per cent by lining with concrete. A gain of 25 per cent in the 
volume carried is readily obtained as the result of lining, but to 
secure a gain of 80 per cent involves the construction of first-class 
lining and conditions favorable to the maximum discharge of water 
in such channels. 

(3) Reduction of charge for operation and maintenance-—On many 
systems, particularly where the canal follows a side hill, much diffi- 
culty is encountered from breaks on the lower bank when the canal 
is crowded to its full capacity or when an opening may be made by a 
gopher or other burrowing animal. A concrete lining should pre- 
vent such breaks except in cases where the water overtops the bank 
due to stoppage or other causes. Faulty location of the canal and 
weak places developing later can very often be largely corrected 
by a good concrete lining. Where the original grade is such that 
scour occurs, or where excessive curvature causes cutting of the 
sides, a similar remedy may be used. Maintenance charges also 
will be materially reduced by the lessening of weed growth and the 
prevention of the shifting of the channel through scouring. In 
some systems the fall of the country is too great to be taken up by 
the grade of the canal and many drops are required which may 
form a considerable proportion of the cost and necessitate high 
maintenance expenses. The use of a concrete lining frequently 
permits a sufficiently high grade to be used so that no drops are 
needed, the saving in these structures paying part of the cost of 
the lining. 

(4) Insurance against damage to crops.—As the losses from the 
lack of water at critical times during the irrigation season are often 
much greater than the actual cost of repairs, a portion of the cost 
of any canal lining may be considered as an insurance against such 
accidents. An instance of this occurred on the Turlock Canal, of 
California, in 1910, when a break thought to have been due to a 
gopher hole caused 1,000 feet of the main canal on a steep side hill 
to be washed out. The canal was out of service for six weeks during 
the period when water was most needed for crops. The actual 
cost of repairs was $20,000, but the estimated damage to crops was 
$1,000,000. 

48307°—Bull. 126—14——4 
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SUITABLE GRADES FOR LINED CANALS. 


In deciding upon suitable grades, cross sections, and alignment 
for lined canals, one has to take into account the two types of canals 
which are lined. One of these is represented by the canal in opera- 
tion designed for earth, the other by the new canal designed for 
concrete lining. 

The grade which is suitable for a canal in earth is not the most 
economical grade for the same canal when lined with concrete. It 
is not, however, feasible to make any material change in the grade 
of an old canal preparatory to lining it. The irregularities can and 
should be removed so as to secure a uniform gradient, but more 
than this can not be done without changing the location. 

The discussion of suitable grades must therefore be confined in 
this report to new canals intended to be lined before carrying any 
large percentage of their maximum capacity. Disregarding all 
other features and considering only the most economical method 
of conveying water, the steep grade with its correspondingly high 
mean velocity is best. The fact is now fairly well established that 
water can pass over a concrete surface at a high velocity without 
injurious effects. It is only when fast-flowing water strikes against 


concrete or is obstructed by it that damage is likely to result. Mr. 


A. P. Davis, chief engineer of the Reclamation Service, cites a case? 
in which a concrete chute on the south canal of the Uncompahgre 
project, discharging 300 cubic feet per second at a velocity of over 
20 feet per second for one year, not only showed no perceptible wear, 
but it had acquired a growth of slimy moss over the concrete surface 
subject to this velocity. 

In the summer of 1913 Justin T. Kingdon, of this office, made an 
examination of a concrete chute (Pl. I, fig. 2) on the main canal of 
the Orland project, Orland, Cal. The canal maintains a fairly 
constant flow throughout the season. It was measured shortly 
after the observation and found to be discharging 84 second-feet of 
water which at the bottom of the chute had a velocity of 17 feet per 
second, and like the south canal of the Uncompahgre project, this 
concrete showed no wear on its wetted area, and the growth of slimy 
moss which it had acquired was especially noticeable over that 
portion of the surface subject to the highest velocity. 

It would therefore appear that the permissible velocity in lined 
canals depends largely on considerations other than damage to 
the linmg. The mention of three of these causes may serve to 
make this statement clear. Assuming that a concrete-lined canal 
will successfully withstand velocities up to 20 feet per second, the 
fall necessary to produce such velocities must be considered, since 


1 Eng. News, 67 (1912), No. 1, p. 20. 
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the sacrifice of so much head might entail greater cost than the build- 
ing of a larger canal on a lighter grade. 

Again, the extra cost and inconvenience 1n making suitable turnouts 
to divert water from such a canal would serve to lessen the advan- 
tages gained by having a high velocity. 

Lastly, pulsations are a common feature in all channels in which 
the water flows at a high velocity. The water surface consists of 
irregular waves which travel at various distances apart and an 
extra height of lining is required to prevent the waves from over- 
topping it. 

It is believed that a mean velocity of between 8 and 10 feet per 
second is about as high as should be adopted in lined canals under 
ordinary conditions. 


ALIGNMENT OF LINED CANALS. 


In locating a new canal for concrete lining, sharp curves should be 
avoided if possible. The reduction of curvature in a location over 
a rough country with steep slopes may increase considerably the 
amount and the cost of excavation, but this additional expense may 
be more than compensated by the advantages gained in having flat 
curves. 

In flowing around curves the surface of the water tends to rise on 
the outer side due to centrifugal force. The height to which it will 
rise in any gtven case will depend on the velocity of the water and 
the sharpness of the curve. In order to maintain a uniform height 
of lining above the water surface of the canal, the practice has been 
to raise the outer lining. In the case of the Tieton main canal of 
the United States Reclamation Service, Yakima project, Washing- 
ton, on the sharpest curves, having a radius of 57.6 feet and a velocity 
of 9 feet per second, the superelevation amounted to about 1 per cent 
of the width. 

The presence of a large number of sharp curves likewise increases 
the cost of both the earth trimming and the laying of the concrete. 

In railroad location it is customary to limit the curvature within a 
certain fixed maximum regardless of expense, but in the construction 
of irrigation canals, on account of the wide range permissible, it has 
not been customary to fix any such hmit. The expense of excavation 
required to lessen curvature should be balanced against the disad- 
vantages and extra cost of lining sharp curves. 


THE EFFECT OF ALKALI ON CONCRETE LINING 


Throughout the West are to be found here and there instances of 
concrete construction having been disintegrated through the action 
of alkali salts. While some uncertainties remain regarding the exact 
nature of such action, there seems to be no question but that the prin- 
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cipal reason for it arises from the reaction between the various alkali 
salts and the calcium hydroxid of the cement. The new compounds 
formed have a greater volume than the replaced hydroxid and their 
formation weakens or destroys the concrete by forcing apart the 
particles of cement. In order for this action to occur it 1s necessary 
for the water containing alkali to percolate into or through the con- 
erete. Under field conditions ! ‘‘these reactions referred to are much 


Fic. 1.—Briquets showing repellent action of oil-cement concrete on alkali water. (From tests by 
the Office of Public Roads, United States Department of Agriculture.) Top row contained 10 per 
cent of semiasphaltice oil; middle row contained 5 per cent of semiasphaltic oil; bottom tow con- 
tained no oil. Briquets were immersed one year in a 10 per cent solution of sodium sulphate. 


retarded if not entirely suspended in most cases, due probably to 
the carbonization of the lime of the cement near the surface or the 
formation of an impervious skin or protective coating by saline 
deposits.”’ 

It is also doubtless true that ? ‘‘wetting and drying or freezing and 
thawing will hasten the destruction of the cement by extending the 


cracks already started.”’ 


1U.S. Dept. Com., Bur. Standards Technol. Paper 12 (1912). 
2 Montana Sta. Bul. 81 (1910). 


——_ 
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In experiments with oil-mixed Portland cement concrete,' the con- 
crete was damp-proofed by the incorporation of semiasphaltic oil. 
In hand mixing, the sand, cement, and water were first mixed to a 
mushy consistency, the oil added and mixed until no trace of it was 
visible on the mortar surface, and then the broken stone or gravel 
was mixed in. In machine mixing the sand, cement, and water were 
first mixed to a mortar followed by alternate batches of stone and 
oil which were added and mixed. The proportion of oil used was 
based on a comparison of its weight to the weight of the cement used 
in the concrete. The results of tests show that oil-mixed mortar, 
containing 5 to 10 per cent of oil, is dampproof as well as water- 
proof, and indicate that its use may prove desirable in the construc- 
tion of irrigation canal linings exposed to the action of alkali (fig. 1). 

Good practice in concrete lining construction where alkali must be 
reckoned with necessitates the following precautions: 

(1) Do not use sand, gravel, or water containing alkali. 

(2) Keep soil waters charged with alkali from coming into contact 
with the concrete by the use of suitable drainage. 

(3) Give careful attention to the proper proportioning of materials 
and use more cement than is needed to fill the voids. 

(4) Protect the surface by a thin plaster coat of dense mortar of 
eranular sand. 

(5) Both the concrete and the mortar used for the lining may be 
dampproofed by the addition of 5 to 10 per cent of semiasphaltic oil 
when mixing the materials. 


THE EXPANSION AND CONTRACTION OF CONCRETE. 


FIELD TESTS AT LOGAN, UTAH. 


During the summer of 1913 field experiments were conducted by 
Prof. B. P. Fleming, of the State University of Iowa, working under 
the direction of this office, at Logan, Utah, for the purpose of deter- 
mining the coefficient of expansion of concrete slabs. An effort was 
made to secure conditions as nearly as possible like those found for 
canal linings. It will be noted, however, that the slabs were not 
tested to find the effect produced by being wet on one side. 

The variations in length were measured with two micrometer 
microscopes focused upon lines in the highly polished tops of two 
steel pins projecting above the surface of the slab, one at each end. 
This device permitted making direct readings from the micrometer 
scale, giving measurements to 0.0008 of a millimeter. The ther- 
mometers used were graduated to 0.10° C. and could be estimated 
easily to 0.025°. All measurements of the slab length were direct, 
and no part of the apparatus was in contact with the slab. The 
idea of maintaining the latter condition was to prevent in every 
possible way influences which might affect the expansion of the slab. 


1U.S. Dept. Agr., Office Pub. Roads Bul. 46 (1912). 
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Except for a roller placed under one end, each slab was lying on 
ground composed mostly of loose gravel. 

The slabs were 12 inches wide, 6 inches deep, and 11 feet long. 
The steel pins inserted vertically in the top were spaced 10 feet apart, 
thus leaving 6 inches length of slab beyond the pin at each end. A 
wet hand-mixed concrete mixture was used for each slab, numbered 
1 and 2, and volumetrically proportioned 1:3:5 and 1:2:4, respec- 
tively. Each slab was of rectangular cross section throughout. 

The general average coefficient of expansion measured was 0.0000043 
for slab 1 and 0.0000042 for slab 2 


LABORATORY TESTS AT THE STATE UNIVERSITY OF IOWA. 


In the fall and winter of 1913-14 the experimental work initiated 
at Logan, Utah, was continued in the laboratory of the State Univer- 
sity of Iowa under the same supervision as before. 

The sand and gravel used were taken from the bed of Iowa River. 
This raw material was screened through a 1-inch mesh screen and 
again through a 4-inch mesh screen. The material failing to pass 
the latter screen was considered gravel. The sand was unscreened. 
but it was fine and clean. 

Three horizontal slabs were cast with the same dimensions as those 
made at Logan. The apparatus and equipment were practically 
the same, except that the laboratory permitted a somewhat careful 
control of influencing conditions not possible in the open-air work. 
In addition, a specially devised apparatus permitted the making of 
observations for change of length within 30 minutes after water had 
been added to the dry materials used in making the concrete. Brass 
pins with their upper ends highly polished were used instead of steel 
pins. The methods employed for temperature determination and 
control were quite satisfactory and it is believed gave results fully as 
accurate as the investigations warranted. 

Two slabs of seasoned concrete were used for determining the 
coefficient of expansion. A third one was used to determine the 
influence on change of length due to setting. Each slab was made 
of hand-mixed concrete, using the materials composing the concrete 
in the following preponione: 


Proportions of materials used in making concrete slabs. 


Number of slab. 


Mixture. 
1 2 3 

By volume: 

Cements as ee RR ee eat RE, VS Si eS pa ee Eee Sey re ee 1 1 1 

SZ OG lien AEA Cee WE pt Oey eee arn hem ht eg: comes EP OLS Se ele OM Seat hb ek diel 3 2 3 

Graveliiee ue Sito a eee Be ae 2 Sed: Fae ee heal eae 9 een ea Co 5 4 5 
By weight: 

Wis ter eee oc phe le Seo ik NE Ie pe SS PASS ee oe 100 72 75 

(OP= 1812) a] Peo en ea ey ea Aha ee SNe PRE ine Bree Tar eet ee ee Vn eee o 5 118 99 79 

Sangin. f.33 2s 230 Pe ee ia te tee eg Pe One ROR geen 319 203 244 
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The general average coefficient of expansion measured was 
0.00000627 for slab 1 and 0.00000632 for slab 2. 

Slab 3 was kept at a temperature of about 80° F., though at times 
it fell to 70° and even 65° during Saturdays and Sundays. Daily 
observations were made early in the work, but later on observations 
were made only once a week. It is interesting to note (fig. 2) the 
immediate and rapid expansion following pouring, lasting about one 
week. This caused a change of length of about 0.00012 foot per foot. 
This action was doubtless due to the physical rearrangement of the 
particles of concrete in the process of crystallization. So far as its 
effect upon concrete lining for canals is concerned, if joints were not 
provided, it would cause severe compression of the slab as a whole for 
about a week or 10 days, which might cause a slight buckling and 
crushing. Where joints are used and filled with asphaltum or similar 
material the tendency would be to force some of 1t out of place, and 
for this reason the filling material should not be placed until about 
two weeks after the lining has been laid. It will be noted, however, 
that the expansion is only 0.012 foot in 100 feet, which accounts for 
its effect being of no marked importance in practice. 

It will also be noted (fig. 2) that following the expansion period in 
slab 3 there is a period of contraction lasting about 75 days and 
during which there is a total contraction at the rate of about 0.042 
foot in 100 feet, thus leaving the slab 0.03 foot shorter for a 100-foot 
length than when laid. If this factor were considered for a concrete 
lining, assuming that its contact with the material through which the 
canal were constructed would not retard the expansion, having a 
coefficient of expansion of 0.0000045, it would allow a total rise of 
temperature of about 67° F. before two adjoining slabs would be in 
contact after the contraction due to setting had been completed. It 
is evident, therefore, that if a slab were laid in the winter at a tem- 
perature of 40° F., the joints opened by contraction would not be 
closed until the slab had reached a temperature of 106° F. in the 
summer. Concrete lining is usually placed in canals during the 
winter or at least when the weather temperatures are cold enough for 
the above conditions to obtain. If the water carried in the canal is 
at a temperature of between 40° and 60° F., 1t is evident that the 
effect of contraction in concrete lining laid at corresponding tempera- 
tures will be most noticeable at a time when water-tightness is most 
desired. For this reason it is essential that some provision be made 
to secure water-tight joints. It may also be quite necessary to use 
some elastic material hke tar paper to allow for expansion in excess 
of that which can be taken up by the space formed due to contraction 
in setting, for in some sections of the West temperatures are likely 
to be met which will cause this extra expansion, and unless a com- 
pressible material is provided buckling or crushing is very likely to 
occur. 
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Fic. 2.—Curve showing expansion and contraction of concrete from actual measurements made on a 10-foot length of slab (measurements commencing within 30 minutes of 


time water was added to aggregate. ) 
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In summing up the results of the experiments at Logan, Utah, and 
those at the State University of lowa, 1t may be stated that for con- 
crete slab construction such as canal lining, where only one side is 
exposed and with the other side in contact with earth, a coefficient of 
expansion of 0.0000045 should be used, but in the case of concrete 
construction where all sides are subject to equal temperatures and 
are not under the conditions of moisture and earth contact found in 
canal lining and similar construction, a coefficient of 0.0000063 can 
be used with safety. 


JOINTS IN CONCRETE LINING. 


Owing to the fact that concrete lining expands in warm weather 
and contracts in cold weather, joints would seem to be an essential 
feature of such construction. Where no provision 1s made for expan- 
sion and contraction by means of joints, the concrete lining is certain 
to be subjected to high internal stresses, which increase in intensity 
until the lining is ruptured. These ruptures occur at the weakest 
points, and following the directions of least resistance result in 
irregular fractures which are difficult to repair. They frequently are 
so small and so irregular that it is practically impossible to introduce 
any filler into the seams. Even when this is done the alternate open- 
ing and closing of the fracture, due to changes in temperature, lowers 
and in time destroys the effectiveness of such repairs. 

On the other hand, joints in concrete lining constitute a weak fea- 
ture. In strength, durability, and water-tightness the best formed 
joint is inferior to the continuous lining. For these reasons, to which 
may be added that of extra cost, the distance between joints should 
be as great as possible consistent with changes in volume due to tem- 
perature and the adoption of suitable forms and proper methods of 
construction. 

When forms are used their length is usually limited to the size and 
weight which can be readily shifted by hand without the aid of special 
equipment. Even when the forms are of the simplest kind the 
methods of construction commonly employed place other limitations 
on the distance between joints. Again, in lining curves the frequency 
of the joints depends upon the degree of curvature, the sharper the 
curve the shorter the distance between joints. Notwithstanding 
these limitations, the tendency in the past has been to insert too 
many joints, particularly on straight portions of canals. 

The subject of joints in concrete lining is also closely related to the 
manner in which the lining is laid, whether continuously or in alter- 
nate sections. Joints which are adapted to one of these methods 
may be a misfit when applied to the other. In using either method 
it is advisable to break joints between the floor and the sides, as indi- 
cated in figure 3, a. 
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KINDS OF JOINTS. 

Various kinds of joints are used to prevent cracks in concrete 
linings: 

(1) One of the most common is the plain abutting joint. This 
joint is simple, cheap, and easily made. Expansion, likewise, is pro- 
vided for in the frequency of the joints. It has, however, several 
weak features which render its use questionable. One of these is the 
lack of any bond between the sections. Were it not for the con- 
nection with the bottom at the toe each side section might be 
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Fic. 3.—Typical joints for concrete-lined canals. 


regarded as a separate slab, hable to be thrust upward by pressure 
from behind or to fall backward when the earthen support is removed. 
Both of these effects are quite probable, and may be seen in the lining 
of the New York Canal of the Payette-Boise project (fig. 4). An- 
other defect is the difficulty experienced in filling the seam with any 
material which will render the joint water-tight, it beg too narrow 
to calk. 

(2) The abutting joint is frequently modified by introducing one or 
more plies of tar paper (fig. 3, 6). While the paper provides for 
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extra expansion and renders the joint more impervious,‘it adds noth- 
ing to the bond between the sections. 


| Fic. 4.—A broken joint in concrete lining, New York Canal, Boise, Idaho. 


(3) An interlocking device (fig. 3, c), consisting of a 4-inch strip 
of corrugated iron, was inserted in each joint of the lining of the 
' North Side Twin Falls Canal, Idaho. If the metal strip is thickly 
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coated with asphalt before being inserted it may prevent leaks. The 
device likewise secures a fairly good bond. 

(4) A plable metal sheet protected from rust, of the form shown in 
figure 3, d, has also been used for such purposes. When section A is 
being laid the metal assumes the form of a right angle, the vertical 
part being placed against the form. Before section B is laid the 
upper portion of the vertical is bent down to a horizontal position, as 
shown. 

(5). In the Ridenbaugh Canal of the Nampa and Meridian irrigation 
district, Idaho, tar paper was inserted between the abutting joints, 
which are sone 16 feet 3 inches apart, and a good bond between the 
sections was secured by short 43-inch steel rods (fig. 3, e). 

(6) To overcome the objection of projecting rods in laying by the 
method just described, the plan of bonding shown in figure 3, 7, has 
been devised. A socket is formed in sec- 
tion A by means of a short 4-inch pipe, 
and into this is inserted one end of a steel 
rod five-sixteenths inch in diameter and 
double the length of a pipe. This con- 
trivance adapts the joint to the alternate 
method of laying, as illustrated in fig- 
ure 3, a. 

(7) The form of joint used by the writer 
on the Snake Ravine retaining walls of the 

= Turlock irrigation district of California is 
Fie. 5.—Sketch of joint used for : : 56 
concrete lining, Patterson Land shown in figure 3, g. In laying the hning 

& Water Co., Patterson, Cal. in alternate sections the joint with its con- 
cave surface may be coated with hot asphalt or lined with tar paper 
before the adjacent section is laid. 

(8) In lning the Davis and Weber Counties Canal in Utah, a thin 
strip of wood coated with asphalt was placed in each joint and ex- 
tended through about two-thirds the thickness of the lining. The 
specifications called for the withdrawal of these strips and the filling 
In of the spaces with hot asphalt, but this was not done. As a result, 
many of the wooden strips became _loose and project more or es 
above the surface of the lining, thus retarding the flow of water. In 
other respects the joint has proved satisfactory. (See fig. 3, h.) 

(9) A somewhat similar joint (fig. 5) was used by the engineers 
of the Patterson Land & Water Co. and the East Contra Costa 
Irrigation Co. On both canals, to which references are made else- 
where, the wooden strips were removed and the spaces filled with 
hot asphalt to within three-eighths inch of the surface, the re- 
maining space being filled with cement mortar. When inspected 
by the writer during construction he questioned the advisability of 
so wide a joint, and was advised that a smaller joint could not well 
be filled with asphalt. 


EES ee ~ He Mortar 
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(10) Where conditions are adapted to its use, the type of joint 
shown in figure 3, 7, possesses some advantages over those previously 
discussed. This is merely the carpenter’s shiplap or half-timber 
joint applied to concrete. It provides for all the expansion necessary 
without weakening the lining by too wide a joint space. It also 
permits a certain amount of ‘‘creeping”’ in the section without mis- 
placement and furnishes an excellent opportunity to secure a water- 
tight joint by the use of an elastic material lke asphalt. 

(11) In adapting the shiplap joint to thin concrete linings a greater 
thickness of lining is used at each joint. The sections shown in 7, £, J, 
and m, figure 3, represent this modification showing two joints and 
methods of construction, as designed by A. F. Parker for the lining 
of the Davis and Uinta Counties Canal in Utah. 


CONSTRUCTION METHODS AND COST. 


In submitting the following data an effort has been made to show 
as fully as possible what constitutes current practice throughout the 
West in the lining of old and new canals. The lack of space prevents 
taking up many of these features in detail, but it has been the aim to 
select representative work in the various localities and to point out 
not only the good features of such work but to call attention to 
doubtful practices in order to assist the engineer in the design and 
execution of similar construction elsewhere. 


PATTERSON LAND & WATER CO., PATTERSON, CAL. 


About three years ago a series of pumping plants was installed to 
raise water from the San Joaquin River to irrigate a tract of 14,000 
acres, comprising the bulk of what is locally known as the Patterson 
ranch. To prevent the loss of water by seepage the canals of this 
system were lined with a 3-inch layer of concrete and finished with a 
t-inch plaster coat. 

The main canal at the river end (Pl. I, fig. 1) has a bottom 
width of 7 feet, a vertical depth of 54 feet, side slopes of 14 to 1, and 
a capacity of about 110 second-feet. Its capacity is reduced at 
various points along its length, and at a distance of 24 miles from 
the intake the bottom width is 44 feet. 

After the excavation of each division the main canal was filled 
with water and allowed to soak for from 6 to 9 days. It was then 
trimmed and lined in 12 foot sections. The gasoline-driven concrete 
mixer had a capacity of 75 cubic yards per day, which provided 
material to line 300 lnear feet. The position of this mixer when 
operated and the methods employed in elevating the material and 
delivering the concrete are shown in Plate II, figure 2. The concrete 
used was a mixture of 1 part cement to 6 or 6% parts of sand and 
gravel. The plaster coat was proportioned 1:2 cement and river sand. 
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EAST CONTRA COSTA IRRIGATION PROJECT, BRENTWOOD, CAL. 


This enterprise, although much larger, is similar in design, purpose, 
and scope to that at Patterson. Mr. A. Kempkey, the engineer in 
charge, m writing of this project claims that some improvements 
have been introduced in the lining as planned over the lining used 
on the Patterson project. One of these is the insertion of two expan- 
sion joints at the toe of each slope and parallel to the canal axis. It 
is also proposed to apply the mortar coat by means of a cement gun 
at an estimated cost of 1 cent per square foot of surface. 

The expansion joint used on both projects is shown in detail in 
figure 5, page 60. It has given good satisfaction wherever used in 
both canal and reservoir lining. A medium grade of asphalt, applied 
warm enough to flow readily but not smoking hot, is considered best 
to fill the joints. In using this joint it is not necessary to place the 
lining in alternate sections, as a tapering strip of wood may be in- 
serted between adjoining sections. These strips can be afterwards 
removed and the joints formed by pouring asphalt into the grooves 
and applying a 4-inch coat of plaster on top of the asphalt. Plate 
III, figure 1, shows the work of lining this canal in progress and in 
Plate III, figure 2, is shown a portion of the completed canal lining. 


NORTH SIDE TWIN FALLS LAND & WATER CO., MILNER, IDAHO. 


This company lined 8,400 feet of its main canal to increase its 
capacity. The canal is carried for several hundred feet along a 
rough lava rock clifl and is 60 feet above low water in the river. The 
outer bank through this section is a concrete retaining wall. The 
remainder of the lined section is excavated almost wholly in solid 
lava. The grade varies from 0.001 in narrow places to 0.0002 and 
0.00025 in the wider sections. 

The canal was emptied October 10, 1909, and the work of preparing 
it for the concrete was commenced as soon as the channel had dried 
sufficiently. In places for several hundred feet from the headgates 
the canal bed was considerably below grade. The rock projecting 
into the canal section in the sides and bottom was blasted and 
smoothed, the low places being filled to subgrade with broken stone 
and puddled earth. 

An 8-inch thickness of concrete was applied to the sides of the 
rock sections and a 6-inch thickness to the bottom. The sides of 
the rougher rock sections were riprapped to secure a better align- 
ment and to save concrete. Cavities and large irregularities were 
back-filled with stones and puddled earth. It seems to the writer 
that the 6-inch thickness laid on the bottom of rock sections might 
have been reduced to 3 or 4 inches if the bed had been better pre- 
pared by the placing of finely crushed stone, compressing this mate- 
rial by rolling to secure an even surface and uniform grade, as is done 
in macadamized road construction. 
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The concrete was composed of a 1:3:6 cement, sand, and crushed 
stone mixture, but whenever a well-graded crushed stone could be 
secured sand was omitted and the concrete was made of 1 part 
cement to 6 parts crushed stone from which all particles over 14 
inches in diameter had been excluded. 

In earth sections the lining of the sides and bottom was 4 inches 
thick and had side slopes of 1? to 1. Expansion joints of corru- 
gated iron were inserted every 16 to 20 feet along the sides and bot- 
tom except in the bottom of the rock sections. These joints consisted 
of pieces of corrugated iron cut into strips 4 inches wide containing 
14 corrugations, these being designed to lock the edges of adjacent 
sections and to prevent slipping. (See fig. 3, c.) 

The side walls in the rock sections were supposed to have a slope 
of 1 to 4; but in many places where this would have necessitated the 
blasting of large amounts of rock, walls were made almost vertical. 
Heavy, collapsible forms of 2-inch lumber were used in placing con- 
crete for the walls which approached the vertical. The concrete 
was wheeled directly from the mixers and spread in uniform layers 4 
inches thick over the bottom and on the sides of the easier slopes in 
earth sections. Concrete placed within forms made of 4 by 4 inch 
lumber was compacted by tamping and finished by working 24-foot 
floats made of 2 by 6 inch timbers back and forth over the upper sur- 
face of the forms. Sixty cubic yards of concrete per day were some- 
times laid in this way by one gang working under favorable conditions. 
The sides and slopes were finished with a coat of cement mortar 
whenever the surface was rough enough to warrant it. 

The unusually high cost of this work was largely due to the diffi- 
culty of preparing the rock cut for the lining and to the absence of 
sand and gravel, which made it necessary to crush rock for the con- 
crete. However, a greater factor than either of these was the added 
expense due to the necessity of prosecuting the work during severe 
winter weather. To do this the canal was roofed over for a distance 
of 2,000 feet and the inclosed space warmed by specially constructed 
heaters, using sagebrush for fuel. The nature of the temporary 
roof and the method of heating are shown in Plate IV, figures 
1 and 2. ‘ The cost of labor and material was as follows: 


Cost of labor and materials for lining Twin Falls North Side Canal. 


Sei MeLeramneerenye pl MNOuEs. (<2 .fhe bys. Se ee ek ees $2. 50 
|| VELISIES. "TEES 0 sg init CUES ID 0) 0 nn ee 2. 75-3. 00 
— SLTLGGTA Sw Since) O18 26 ea ne 3. 00-4. 00 
Poke SHIGE TR eg O15 0700 Ce an a rege 5. 00 
SPEMMETALO Nie OCs e WERNER! e628! SL Let eto BG ek ese ewe eee be 6. 50 
Seeee etoher boreal eos Malnieh 4-2-2 d2b2e2 oseecs te eye beeen wets 2. 59-2. 89 


1. 10 
2.79 


PChushine rock: pericubic yard 2:2 420...-.- 4-5-5 22- 2 2b eee e-- 
Cost of labor for placing concrete, per cubic yard....-.............---- 
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Complete cost of material, mixing and peo concrete for form work 


only; per Cube iyard<), Sic. sh IAs ee ee oe na So SEMEN emery 38. 50 
Same qwatbhoub forms, 2.0) eece on 8s ae epee a On 7. 50 
Cost cf rock excavation (light cuts from 0.4 to 2 feet), per cubic yard. ... 5. 00 
Cost of placing riprap 1 foot thick, per cubic yard................2.2..% 2. 00 
Total cost cf preparing 8,400 linear feet of canal for concrete............. 75, 000. 00 
Gross cost of lining 8,400 linear feet of camal. |... 21.2. 5.22.22... 52 200, 000. 00 


Average Cost:or Concrete; per cubic yardi4. 4). 95. ee ee 8. 00 


MAIN SOUTH SIDE, OR NEW YORK CANAL, UNITED STATES RECLAMATION SERVICE, 


BOISE, IDAHO. 


This canal is designed essentially to carry flood water from a point 
on the Boise River 9 miles above Boise to the Deer Flat reservoir, a 


Fic. 6.—Showing method of setting forms on slopes for placing concrete lining in Main South Side, or 
New York Canal, U. S. Reclamation Service, Boise, Idaho. 


distance of 36 miles. Seventy thousand acres of land is also watered 
from the canal before the reservoir is reached. About 64 miles of 
the canal was lined to prevent seepage, increase the carrying capacity, 
and for the safety of sidehill sections where breaks frequently occurred. 

The canal is an old one, originally built with side slopes of 14 to 1, 
but the change and filling up of the section common to old canals 
necessitated considerable preliminary work in the removal of very 
gravelly earth and in shaping the sides before the concrete could be 
laid. The lined section has a grade of 0.00025 to 0.00032 and slopes 
of 1}to 1. Forms of 4 by 4 inch lumber were placed upon the slopes 
and aligned, as may be seen in figure 6, after which the surface 
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FiG. 1.—LAYING CONCRETE LINING IN CANAL OF EAST CONTRA COSTA IRRIGATION 
PROJECT, BRENTWOOD, CAL. 


FiG. 2.—CONCRETE-LINED CANAL OF THE EAST CONTRA COSTA IRRIGATION PROJ- 
ECT, BRENTWOOD, CAL. 
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Fig. 1.—COVERING USED FOR CANAL AND METHOD OF HEATING WHEN CONCRETE 
LINING WAS BEING CONSTRUCTED, NORTH SIDE TWIN FALLS LAND & WATER Co., 
MILNER, IDAHO. 


Fic. 2.—OUTSIDE VIEW OF COVERING USED FOR CANAL WHEN CONCRETE LINING 
WAS BEING CONSTRUCTED, NORTH SIDE TWIN FALLS LAND & WATER Co., MILNER, 
IDAHO. 
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FIG. 1.—CONCRETE-LINED CANAL FOLLOWING THE LOCATION OF AN OLD CHANNEL, FRUIT- 
LANDS IRRIGATION & POWER Co. (LTD.), KAMLOOPS, BRITISH COLUMBIA. 


Fic. 2.—FOoRMS USED FOR BACKFILLING WITH PUDDLED EARTH TO PREPARE CANAL FOR 
CONCRETE LINING, FRUITLANDS IRRIGATION & POWER Co. (LTD.), KAMLOOPS, BRITISH 


COLUMBIA. 
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between the forms was smoothed and thoroughly hand compacted. 
A uniform layer of concrete 4 inches thick was then applied. 

After heavy stripping, a good natural mixture of sand and gravel was 
secured adjacent to the canal. This was hauled by slip scrapers up a 
runway and dumped into the mixers, which were placed high enough 
to permit discharging the concrete directly into one-horse carts. 
The concrete was a 1:3:6 mixture of Portland cement, sand, and 
gravel. It was laid in sections measuring 8 by 16 feet on the slopes 
and 8 by 16 or 16 by 16 feet on the bottom. The lining was laid in 
alternate sections to make room for the workmen, and the upper sec- 
tions were usually the first completed. As soon as the concrete of 
the first sections had set, the forms were removed and the intermediate 
sections filled in. Expansion joints of one thickness of tar paper 
were used between sections in part of the work. : 

After being dumped from the carts, the concrete was worked down 
and later smoothed by drawing long floats made of 2 by 6 inch tim- 
bers back and forth across the forms. In order to get a smooth 
face, the surface was painted with a 1 to 2 finishing coat of cement 
mortar as soon as the concrete was placed and set. The lning was 
kept wet by sprinkling for a period of seven days after being laid. 
It was protected from nightly freezes during the early part of the 
work by covering with a layer of straw, and during some freezing 
weather in the latter part of the work some concrete was laid under 
large tents heated by stoves. 

Some of the cost items are as follows: 


Cost of lining New York Canal. 


Preparing canal section for lining, per linear foot, approximately....-........ $2. 80 
Peers raw etommlers= per Culble yard 2. 6.2 4) 2s Seen ew olde ben ee - 1.14 
Mima splacimoxcomercie, per cubic yard..-.--2..--.2-.---.22--2s22- 2s oe 2°20 
Total cost of concrete, including cement, per cubic yard....._.........-.....- SHA | 

Motalcost-of coucrete im place; per lineal foot. .:/2..-.22.40..92.220 25 8..1.- 9. 64 
Semreniamer Wankel etaOr Dis BOSC: 2 i252 ele ti fe ue See $2. 27-2. 50 
+ TOES ADAM THAN TES TENET CGI i Eg ee 79 ey A 2. 50 
RIC HaMe Andie ARCTIC eee ot isa hans Ap ys ee cee 2 Ws is SAL Suey Soi 5. 00 


FRUITLAND IRRIGATION & POWER CO. (LTD.), KAMLOOPS, BRITISH COLUMBIA. 


This company has lined some 6 miiles of its main canal. The 
writer examined the lined portion of this canal in the summer of 
1912 and found it in good condition. The upper bank is quite gen- 
erally in excavation and the lower bank is partly in excavation 
and partly in fill. There appear to be more curves than the nature 
of the ground warrants, but A. E. Meighans, the company engineer, 
stated that the lined canal follows an old location for a ditch built 
before this company acquired the property. (Pl. V, fig. 1.) 

Some slight injury to the lning has resulted from earth setile- 
ment. Lining the sides of the curves required the use of short 
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forms, which were also used on tangents, resulting in a much larger 
number of joints on the straight portions than good practice warrants. 
The joints were spaced 6 feet apart, and an attempt has been made 
to cover the seams with a coating of cement mortar. It is claimed, 
however, that these will eventually become filled with sediment, 
but the daily and seasonal contraction and expansion usually tend 
to enlarge rather than to decrease their width. 

Plate V, figure 2, shows the forms used for back-filling with 
puddled earth to prepare this canal for concrete lining. In Plate 
VI, figures 1 and 2, these forms have been removed onh the channel 
is ready to receive the forms used in placing the concrete, as shown 
in Plate V, figure 2. Additional information on construction methods 
used with other useful data are to be found elsewhere.! 


NORTHERN PACIFIC IRRIGATION CO., KENNEWICK, WASH. 


During the winter of 1910-11 this company lined 22,500 feet of 
ditches on the ‘‘ Highlands” at Kennewick to eliminate heavy seepage 
losses. The soil through which these ditches are built is principally 
a fine sandy loam overlying gravel at a depth of 18 inches to 2 feet. 

One ditch 10,800 feet long, 3 feet wide on the bottom, with side 
slopes of $ to 1 and a vertical depth of 26 inches, is Fasierad to 
carry 18 sepondeieet Another ditch having in part a bottom width 
of 34 feet, side slopes of 4 to 1, and a vertical depth of 194 inches is 
designed to carry 14 cone feet. This ditch is reduced to a bottom 
width of 24 feet, but with the same side slopes and depth as the upper 
part. The concrete used was a 1:3:4 mixture of cement, sand, and 
crushed rock. 

In preparation for lining, center grade stakes were set and the 
bottom of the ditch brought to grade. Scantlings 2 by 4 inches 
were then placed across the bottom of the ditch at 12-foot intervals 
at right angles to the center line and flush with the subgrade. Three 
forms 12 feet long (Pl. VII, fig. 1) were then set in the ditchon the 
cross strips and centered. Earth was shoveled and tamped behind 
the forms to secure the desired section. There were 14 men in a 
crew on this work. 

After the earth sections were prepared in this way, 2 by 2 inch 
screeds (Pl. VII, fig. 2) were placed at intervals of 5 feet 8 inches 
and upon them forms 6 feet long were set’ on every other space. 
The concrete was mixed with a one-third yard mixer, wheeled to 
place and dumped on planks laid on top of the forms. It was then 
shoveled behind the forms and lightly tamped. Strips of sheet 
iron were inserted behind the forms to protect the slope while the 
concrete was being put in and also to prevent a too rapid loss of 
water from the mixture by its contact with the drier earth. These 


1 Brit. Columbia Dept. Agr. Bul. 44 (1912). 


CONCRETE LINING FOR IRRIGATION CANALS. 67 


strips were raised as the fillmg progressed. Two crews of 5 men 
each placed the conerete behind the forms, 2 men wheeled to each 
crew, and about 5 men were employed to move forms, etc. About 
6 men were in the mixing crew and 2 others plastered rough places 
in the lining. 

Water kept in the finished ditch a few hundred feet in the rear 
of the work (PI. VII, fig. 3), was pumped ahead to the mixer with a 
small gasoline engine. 

Ele engineer stated that in one hour a crew could place about 
six sections, or 34 lineal feet, of the lining in the ditch having a 
3-foot bottom. 

On some of this work done during freezing weather, canvas covers 
were placed over the ditch. Under these covers iron pipes were 
laid through which steam was run from a steam boiler during the 
night. 

Rock gathered from various places within the locality was crushed 
and hauled from 1 to 14 miles. Six men collected the rock, 4 men 
operated the crusher, and about 7 teams hauled the crushed rock 
to the place of use. The cost of the crushed rock was not obtainable, 
but other items of expense were as follows: 


Cost of labor and materials for lining Northern Pacific Canal. 


Cement per barrel delivered at works, approximately..............-.----..... $3. 00 
SanGaeliyeredubyicontract, pemeubic Vard 820.258 ck ee ee ie/5 
Eabororsper houUm wALNOUL DOATG..2 5226 ects ee se eee eee NS Saye Sears . 25 
seamspper Nour swibnOUbieedss 26 Ta oS he ons hao edeec es Sees es ck 39 


TRUCKEE-CARSON PROJECT, NEVADA. 


A part of the main lower Truckee Canal constructed in 1904 and 
1905 by the United States Reclamation Service was lined with 
concrete. Much of this lining was placed without the use of expan- 
sion and contraction joints. In November, 1911, about six years 
after the lining was completed, Mr. F. L. Peterson, irrigation engineer 
of this office, made a careful examination of the lined portions of this 
canal -to determine if possible the effect produced by the lack of 
joints. Plate VIII, figure 1, is a general view of the lined canal 
opposite the railroad siding at Gilpin, Nev. Here the canal is 
excavated for the most part in solid rock and lined with 4 inches of 
concrete. In the same plate are shown fractures in the lining after 
a thin mortar coating had been placed over the seams. Plate VIII, 
figures 2 and 3, gives a closer view of two of the fractures, the latter 
one of which has been repaired. 

The general specifications for the concrete used on this work 
provided: 


The concrete to be used on all the structures and tunnels on this canal will be 
composed of Portland cement, sand, and gravel or broken stone, in the proportion of 
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1 barrel of cement to 7 full barrels of the same size of aggregates when mixed together. 
If broken stone is used, it must be hard, clean, and heavy, having at least a specific 
gravity of 2 and screened into three different sizes. None of the gravel is to exceed 
2inches in diameter. The mixture of such sizes will be in the proportion determined 
bythe engineer. All of the rock must be of such size that it will pass through a screen 
with a 2-inch square mesh. 

The seam shown in Plate IX, figure 1, is typical of many such seen 
in canal lining in that it gradually diminishes in width from the top 
to the bottom of the side lining. Plate IX, figure 2, shows a fracture 
extending not only through the concrete but also through a diabase 
rock some 14 inches long and 4 to 6 inches thick which was embedded 
in the concrete. The natural cleavage of this rock, it may be observed, 
was nearly at right angles to the rupture as made by the contraction 
of the concrete. 

The placing of the concrete lining against the uneven rock surface 
served to anchor the lining and prevent contraction, and this same 
foundation condition doubtless added much to the strength of the 
lining as a whole. Notwithstanding this fact, however, ruptures 


have occurred at intervals of 28 feet or more throughout the lining. 


The seams created by these ruptures varied in width from one- 
twelfth to one-half inch or more at a time when the temperature of 
the air was 50° and that of the water in the canal was 42° F. 


LOWER YAKIMA IRRIGATION CO., RICHLAND, WASH. 


The canal of this company parallels the Yakima River for several 
miles, where the earth sections run mainly through coarse gravel, 
bowlders, or shattered basaltic rock. The remainder of the system 
is very largely built through sand. In the unlined channe! the seepage 
losses were excessive, and through the sand it was also difficult to 
maintain the ditch owing to its tendency to fill up both by drifting 
and on account of the flat side slopes which the sand naturally as- 
sumed under the action of water. The lining was intended, there- 
fore, not only to reduce the loss of water but to increase the carrying 
capacity of the ditch and render it more stable and easy to maintain. 
About 5 miles of the ditch was lined in 1910. The company furnished 
all materials used and prepared the channel for lining, but the other 
work was done by contract. . : 

In preparing the ditch, center stakes were set about 14 inches 
above grade, to which the excavating was roughly done with teams 
and scrapers. At intervals of about 25 feet along the bottom of the 
side slopes stakes were set to grade, and from these the top slope 
stakes were set by the use of a slope triangle. Nails were driven 
into the grade stakes and chalk lines were stretched on them parallel 
to the ditch. Trimming to these lines was done then with square- 
pointed shovels and the slopes and bottom scraped to smooth sur- 


—— 
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Fig. 1.—EARTHEN CANAL PREPARED FOR CONCRETE LINING, FRUITLANDS IRRIGATION 
& POWER Co. (LTD.), KAMLOoPS, BRITISH COLUMBIA. 


Fig. 2.—FORMS PLACED TO RECEIVE CONCRETE, FRUITLANDS IRRIGATION & POWER 
Co. (LTD.), KAMLOoPS, BRITISH COLUMBIA. 
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Fig. 1.—PREPARING EARTHEN CANAL SECTIONS FOR CONCRETE LINING, NORTHERN 
PACIFIC IRRIGATION Co., KENNEWICK, WASH. 


Fic. 2.—SETTING FORMS PREPARATORY TO CONSTRUCTION OF CONCRETE LINING, 
NORTHERN PACIFIC IRRIGATION CoO., KENNEWICK, WASH. 


Fic. 3.—SECTION OF CONCRETE-LINED CANAL, NORTHERN PACIFIC IRRIGATION Co., 
KENNEWICK, WASH. 
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Fic. 1.—CONCRETE LINING IN TRUCKEE-CARSON CANAL, AT GILPIN, NEV. 


FIG. 2.—SHOWING FRACTURES IN CON- Fia. 3.—SHOWING FRACTURES IN CON- 
CRETE LINING OF TRUCKEE-CARSON CRETE LINING OF TRUCKEE-CARSON 
CANAL, NEV. CANAL, NEV. 
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Fic. 2.—CRACK IN CONCRETE LINING EXTENDING THROUGH DIABASE ROCK, TRUCKEE- 
CARSON CANAL, NEV. 
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faces with straight-edges. The sides and bottom were tamped 
lightly with wooden tampers and sprinkled before the lining was 
applied. The section lined has a bottom width of 11} feet, side 
slopes of 14 to 1, and a wetted perimeter of 263 feet. 

The three mixers used were operated on planks in the bottom of 
the ditch in advance of the work. With each mixer there was a 
crew of about 25 men and in addition a finishing crew of 5 or 6 men 
to dress the earth surfaces immediately ahead of the mixer. One 
rock crusher was also operated, the crushed rock being hauled an 
average of 2 miles. Most of the sand was procured from pits along 
the line of the canal and was used’ without screening. The lining 
was laid in 8-foot sections 1? inches thick, with strips of building 
paper in the joints between the sections. Four hundred feet of 
lining was considered a good day’s work for a crew. 

A 1:3:4 mixture of concrete was used for most of the lining, but 
on one section a 1:4 mortar applied 1 inch thick was considered just 
as good as the thicker lining of concrete, besides being much easier 
to apply. 

The lining in gravel sections leaked considerably the first season, 
presumably because allowed to dry too rdpidly on account of lack 


‘of water for keeping it moist after laying. In work that was done 


the following year this difficulty was obviated by allowing a small 
amount of water to flow in the ditch soon after lining, using check 
dams to prevent its interference with construction. Men wearing 
rubber boots then waded along and with shovels or buckets threw 
water upon the side slopes at frequent intervals to keep the concrete 
wet while setting. Where lining had been placed on moistened sand, 
the results were better than in the sections through gravel, there 
being no perceptible leakage. Conditions in the gravel portion 
improved with the first year’s use of the lined section, after which 
the seepage was considerably lessened. 
The various items of cost.secured are as follows: 


Cost of lining canal of Lawer Yakima Irrigation Co. 


iaporercsperaayomlO hours: without boardi.:..2.202052-2)..0.22 02. 2.2. $2. 50 
Moanandateamuperaay. without board)... 2.22.42 .)..: 21). ds Deck eee oe: 4, 50 
Contract price per square foot for mixing and laying concrete ......-..-- . 025 
Cement per barrel }............ EASE) n SOS Os pte ake i ey eae 3. 10 
Sand per cubic yard, syopencnmatielly YH ate S Wes Cea SS Eaten eR ance . 50 
orecostoOmlninee per square loot=-: 25-2. esl22. ies ee ie. . 065 
‘Tetotigell Gorste tegi llira givens ae GA Ak ee ee 9, 064. 49 


During February and March, 1911, the company placed additional 
lining, using practically the same methods above described, except 


1 This does not include an 8-mile haul over heavy roads. 
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that all work was done by force account. The prices for labor and 
material indicate that the work was done considerably cheaper than 
in the previous year. Laborers were procured for $2 per day without 
board and men with teams for $4 per day each. Cement cost $2.95 
per barrel delivered at the work. 


® BELGO-CANADIAN FRUIT LANDS, KELOWNA, BRITISH COLUMBIA. 


About 3,000 feet of this company’s main canal, 11 miles long, and 
about 4 miles of its lateral ditches have been recently lined with 
concrete to prevent seepage losses in a porous soil. On the main 
canal a 3-inch thickness of lining has been used for a finished section 
having a bottom width of 3.5 feet, depth 3.75 feet, and side slopes of 
3 to 1. Lateral linings are 23 to 3 inches thick on slopes, with a 3- 
inch thickness on bottoms which vary in width from 9 inches to 2 feet. 

After excavating the channel to be lined, a drain filled with loose 
rock or gravel was made beneath the bed. Cross drains from this 
through the lower bank were placed at 500-foot intervals. The forms 

shown in figure 7 were 

Ze 29 bolt at soints then set and bolted 

b Wet PF together. Galvan- 
ized-iron plates placed 
outside the forms were 
spaced with pieces of 

lumber, and after the 

earth was back-filled 
and tamped behind 
the plates concrete 
was poured between 
them and the forms. 
The galvanized plates 
and spacing pieces were withdrawn as the space was filled with con- 
crete. The bottom of the ditch was then floated in and the edges 
smoothed, using for this purpose the excess concrete which had passed 
over the ‘nema The forms were left in place 48 hours. 

Curves were made by using special short forms having the outer 
edge superelevated 4 to 1 inch according to the degree of curvature. 
In placing the concrete around sharp curves, special galvanized 
plates were used to close the gap at the outer edge of the forms. 

No cost data could be secured on the lining of the main canal. 
The cost of lining laterals per square foot and exclusive of excavation 
varied from $0.118 in the larger to $0.142 in the smaller ones. These 
costs include excavation, back-filing, rock drains, and supervision. 
The work was done late in the fall when protection against frost 
increased the cost. Cement cost $3.75 per barrel delivered, common 
labor $2.75 per day, and skilled labor $4 per day. 


Fria. 7.—Section of form used for placing concrete lining, Belgo- 
Canadian fruit lands, Kelowna, British Columbia. 
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TUCSON FARMS CO., TUCSON, ARIZ. 


The water for this project is obtained by pumping from numerous 
wells. During the winter and spring of 1912-13 a reinforced 
concrete lining was placed in about 24 miles of the new main canal 
for the prevention of seepage losses through a sandy and gravelly soil. 

The canal has a trapezoidal cross section entirely in excavation and 
as lined is capable of carrying a 2.9-foot depth of water. The bottom 
width ranges from 2 to 43? feet and the side slopes are 1 to 1. The 
greater part of the concrete used in this construction is a 1:4 :4 mix- 
ture and the lining is 3 inches thick throughout. 

In grading the channel for lining, a framed template was used to 
get a true section. The reinforcement is made of round steel bars 
intersecting at right angles and wired together. Four longitudinal 
bars, 33;-inch diameter, were placed one on each side of the bottom 
for the lining floor and one on each side near the top of the side walls. 
Then at right angles to these, as stated, }-inch crossbars were spaced 
12 inches apart. Each crossbar was continuous and extended from 
the top of the lining on one side through the lining to the top of it on 
the opposite side of the canal. When it was not possible to obtain 
the 4-inch bars, ;°;-inch bars were substituted and spaced 18 inches 
apart. 

Wooden-framed forms built in 12-foot sections were then set in 
position over the steel reinforcement, blocked to place, and the ad- 
joining ends bolted together. Then 4-inch steel backing plates, 2 
feet wide and long enough to reach to the bottom of the earth section, 
were slipped behind the forms and under the reinforcement. Before 
placing the concrete, wooden spreader-strips 2 by 3 inches were set 
between the wooden forms and the backing plates. Each spreader 
contained a staple driven almost full length into its side near the 
bottom, and in setting the spreader the staple loop was slipped over 
the end of the crossbar and the spreader was then slid into position. 
In this way the bar was carefully held in position while the concrete 
was being placed in the forms. A spreader was set beside each cross- 
bar, and as the concrete for the side lining was tamped and puddled 
into place the spreaders were gradually removed, leaving the cross- 
bars firmly embedded in the concrete. The steel plates likewise were 
withdrawn as the walls were built up. When the side forms were 
filled with concrete to within 3 inches of the top, the longitudinal bars 
were placed and wired to the crossbars. The remaining concrete was 
then placed and smoothed with an edging trowel. 

Expansion joints were provided by setting 1 by 3 inch wooden 
strips in the middle of each form in the same manner as the spreaders, 
except that no staples were used and the joint strips were not removed 
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afterwards. To keep them in position while concrete was being de- 
posited, each one was lightly nailed to the side of the form, and 
before the latter was removed the nails were withdrawn. 

The forms were left intact for a period of 8 hours at least, and they 
usually remained undisturbed over night during a period of 14 to 20 
hours. After their removal any defects in the wall surface were 


‘“picked”’ out and the cavities smoothly plastered with a 1:14 or 2 


cement mortar. 

The canal bottom was then carefully cleared of litter, its surface 
smoothed, and solidly tamped. All reinforcement bars that may 
have become bent were straightened. The bottom piece of the 
expansion joimt was fitted to the two side pieces and its top care- 
fully laid to grade. (PI. X, fig. 1.) The concrete for the floor lining 
was then tamped and puddled into place, and when it had reached 
the required thickness the surface was easily brought to grade and 
smoothed by the use of a straightedge resting on the bottom joint 
strips as guides. 

The entire lining was kept wet by continual sprinkling during a 
period of three to five days. After this was discontinued a wash coat 
of neat cement mortar was applied to the surface with a brush. (PI. 
Xess) 

A 1:4:4 mixture of concrete was used on all the work except for 
about 1,000 feet of bottom where there was excessive external water 
pressure. In this portion of the canal a 1:3.2:3.2 mixture was used. 
As a further protection in one very wet and miry place, additional 
reinforcement was usec in the bottom. Extending over a length of 
about 5,000 feet of the largest canal section near the Santa Cruz River 
bed, ‘weep holes” were formed in the bottom to relieve external water 
pressure. T'wo-inch tapering plugs extending entirely through the 
lining floor were set in the freshly laid concrete and these plugs were 
later removed as soon as the concrete had set sufficiently to retain its 
shape. Two rows of these holes were made 24 feet apart and spaced 
4 feet longitudinally. During construction a considerable portion of 
the canal was drained. A line of 8-inch tiling was laid in the bottom 
and pumps attached thereto were installed at intervals of about 
1,000 feet to withdraw the accumulated water. 

The contractor received $12.50 per cubic yard for the finished 
concrete lining, using slab measurement. This included all costs 
except the original purchase price of the steel remforcement. How- 
ever, no excavation was included and the company paid extra for 
the wash coat. The contractor rented a rock crusher and delivered 
the rock. Sand was obtained from the river bed. 
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FiG. 1.—CONSTRUCTION REINFORCEMENT AND EXPANSION JOINT STRIPS USED IN CON- 
CRETE LINING WORK, TUCSON FARMS Co., TUCSON, ARIZ. 


LINING AND APPEAR- 


FIG. 2.—SHOWING EXPANSION JOINT STRIPS EMBEDDED IN CONCRETE 
ANCE OF CONCRETE SURFACE BEFORE APPLYING WASH CoAT OF NEAT CEMENT Mor- 


TAR, TUCSON FARMS Co., TUCSON, ARIZ. 
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PLATE XI. 


Fic. 1.—METHODS USED IN CONSTRUCTION OF CONCRETE LINING, DAVIS AND WEBER 
COUNTIES CANAL, OGDEN, UTAH. 


Fig. 2.—METHODS USED IN CONSTRUCTION OF CONCRETE LINING, DAViS AND WEBER 
COUNTIES CANAL, OGDEN, UTAH. 


Fic. 3.—METHODS USED IN CONSTRUCTION OF CONCRETE LINING, DAVIS AND WEBER 
COUNTIES CANAL, OGDEN, UTAH. 
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Fic. 1.—SETTING FORMS PREPARATORY TO PLACING CONCRETE FOR LINING OPEN CHAN- 
NEL, LoS ANGELES AQUEDUCT, LOS ANGELES, CAL. 


Fic. 2.—CONSTRUCTION OF CONCRETE LINING IN PROGRESS, LOS ANGELES AQUEDUCT. 


PLATE XIII. 
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All concrete was mixed by hand and transported in wheelbarrows. 
The work was performed with gangs of about 30 men, paid for a 
9-hour day, as follows: 


Wages of labor lining canal of Tucson Farms Co. 


1, OPED A 1. 2h ae Sis ode meal eee S ee eh eas ee ne g=- 04.00 
Mixing boss and 2 TOUENE{NS) ges gs abe eee Re Wares gee eee Ate oe Red BN Ay ON So ee ee 2. 50 
2 water boy Remeron Aus SPEEA. ah ects Pe Nene aes eee MOY 7 1. 00 
So eMRUV OMe eee re 6 9M fa, eT, = 2 PE et See gener Ae ESN eo ae 2. 00 


The gang was used in the following manner: Eight men on mixing 
board, 2 tampers, 2 men pulling plates and spreaders, 2 men setting 
forms and putting in expansion joints, 2 men laying steel reinforce- 
ment, 14 men transporting and depositing materials and concrete, 
finishing, screening sand, etc. The forms were usually all moved at 
one time and the whole force engaged on that work. 

It required this gang 21 days to place lining in 3,000 feet of canal 
in dry excavation having a bottom width of 3 feet. The cost to the 
contractor was distributed as follows: 


Contractor’s cost of lining canal of Tucson Farms Co. 


Haborimeludimesthesbuildine or forms: 22252...) LS $1, 297. 83 
Hel inaekcrOlecentont-raiig ho laedeln aie 2682 SL on tak Ss 1, 386. 72 
232 cubichyards.er rock sat-gl7o per cuble yard. - . 2.5. 2.245258 [25 - 406. 00 
252, CUbiG yards Olsands-at.$0.79 per cubic yard. 9... 2.2.2.0. 252 ee.t les. 174. 00 
Lumber in 15 sections of 12-foot forms, 3,900 feet b. m., at $30 per M...-.. 117. 00 
Lumber for expansion joints, 750 feet b. m., at $30 per ibe saree’ t 22. 50 
Lumber for spreaders, runways, etc., 750 feet beam. at $30 ] per  M. eerie Se 22. 50 
Water purchased from the city of iPaeson: 21 days at Pea Ts een aN 42. 00 
Havtlinesstec sneunmncement2eter nt cel) S 6 ee PR  e tel o: 10. 00 
Depreciationouplanin breakace-ot tools: ete. 2.22. 2.2..22 2.5... eed 2.c.!. 20. 00 

Office expenses and expenses of contractor and superintendent, amounting 
Teabouispespemdayelor thiseane. 21 days... -....5-2.. 2262s l ee. --- 42. 00 
MDS og sao sl genet gies RAG ee ee ae en, Se ee ere 3, 540. 55 


Computations made on the above basis for 298.9 cubic yards, the 
cost was $11.845 per cubic yard. However, there were in addition 
the following costs to the Tucson Farms Co. : 


Additional cost of lining canal of Tucson Farms Co. 


PA iopeMNt sre SteGl ah o0.04e2. 5.20 ost oa ye Pi bl ee eee oo. $372. 00 
One coat of cement wash, 34,500 square feet, at $0. QO DS Se A ALG SUE Todt: 86. 25 
Perec crm aaa bOUlimDETCCH bso acto. S55 tects 0 says sei dace see 195. 00 

Boies ew eee an a RES ibe wt gee SE Me eh oe OEE OWS ad oc 653. 50 


On this basis the actual cost of the completed lining was $14.03 per 
cubic yard. 
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The north canal of this company is concrete lined and diverts water 
from the Deschutes River a short distance below Bend, Oreg. 

A 1:4:5 mixture of Portland cement, sand, and crushed rock was 
used on this work, the extra amount of sand being required to replace 
a considerable portion of the grout lost in the dry wall back of the 
lining. In preparation for lining the earth slopes, made 14 to 1 to 
avoid the necessity for forms, were finished to within 4 inches of the 
inner surface of the completed work. The rock slopes, however, 
were so badly broken 


Lae, eo See 
Wee Te Err that it was necessary 
NS Os 2 == HY: Bs 7 ,e ° = 
Ae pee S fare to fill cavities with 
oe AS OC : 
aN “SS hand-laid dry walls 


i= Original 


eng ouna:: (fig. 8). 


“1 PMoriginal Sectional forms 
q} SVN TOCk - 
RY Meyx made of shiplap were 
oe used repeatedly on the 
NC “ 1: 
AS a ee ee ee =~! Qite 6 = or.5 : Y 6,3 00 lineal feet of 
Rwy —s CS —V77K SA! y, Fx =N > : 
£09 NABN RR SKE canal through rock,but 
Fia. 8.—Section of concrete-lined canal in rock, Central Oregon Irri- NO forms were used on 
gation Co., Deschutes, Oreg. 
uN uee wee paneer the 1,000 lineal feet of 


canal in earth. Expansion joints spaced at 12-foot intervals along 
the sides and bottom were made of ¢ by 4 inch wooden strips left in 
the finished concrete. 


DAVIS & WEBER COUNTIES CANAL CO., OGDEN, UTAH. 


During the years 1909 and 1910 this company enlarged and con- 
crete lined 94 miles of its main canal. When the canal was built in 
the eighties it carried less than 100 second-feet, but its capacity has 
been increased from time to time until in 1909 it reached 200 second- 
feet. It has been difficult and expensive to maintain this canal 
owing to its location near the top of a steep hillside flanking the Weber 
River on the south. In July, 1893, the writer made a series of current 
meter measurements to determine the seepage losses throughout its 
leneth. The results showed a discharge at the headgate in Weber 
Canyon of 105.5 second-feet which in 94 miles seepage had reduced 
to 784 second-feet, representing a loss of 26 per cent of the total 
diversion from the river. This seepage water found its way into the 
steep hillside and during 25 years of its operation as an unlined canal 
produced an endless variety of slides throughout a length of 7 miles. 
In fact, the whole hillside for this distance seemed to have been sub- 
jected to a severe earthquake shock. ‘Tracts, several acres in extent, 
traversed by the canal have been known to drop through a vertical 
height of 7 feet as a result of the action of seepage waters on the 
underlying materials, and buildings located more than 600 feet from 
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the center line of the canal have been removed from the path of the 
slides. 

In the fall of 1909 the company undertook to enlarge and concrete 
line this canal and to provide for a maximum carrying capacity of 
725 second-feet and at the same time retain the old location. This 
entailed the removal of a heavy growth of willows skirting the banks 
and a large amount of excavation. On account of the unstable 
character of the materials and the steep cross slope of the hill on 
which the canal is located the lining of so large a channel presented 
unusual difficulties. These have been met, however, and the canal 
successfully operated for the past two seasons. 

The canal was provided with drainage at various stretches along 
its length through the use of 6-inch drain tiling laid in longitudinal 
trenches 10 to 20 inches deep. At intervals of about 800 feet these 
drains were connected to cross drains of the same construction to 
convey the drainage waters to the outside of the outer canal bank. 
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Fig. 9.—(a) General type of concrete lining construction used for Davisand Weber Counties Canal, Ogden, 
Utah. (6) Type of concrete lining used for weak foundations on the same canal. 


It was at first proposed to use a 6-inch thickness of lining, but on 
the recommendation of the writer this was reduced to a 4-inch thick- 
ness for all but the worst portions. Figure 9, a, represents a cross 
section of 4-inch lining used for the greater portion of the channel. 
Where the canal bank was weak and where slides were liable to occur, 
a form as shown in figure 9, b, was adopted. In reducing the thickness 
from 6 to 4 inches a somewhat richer mixture was used and more 
precautions were taken to secure good drainage. The specifications 
for concrete called for a 1:2:4 Portland cement, sand, and gravel 
mixture, on which the contract price per cubic yard for concrete in 
place was $6.80, while for a 1: 24:5 mixture, also used, $6.45 was paid. 
On all straight portions of canal the concrete was laid in sections 20 
feet wide. That placed on the bottom was first tamped into place 
and then carefully floated and smoothed. It was afterwards covered 
with sand kept moistened for a period of seven days by sprinkling. 
A 1:2 mortar of cement and sand was troweled over the surfaces of 
the slide slopes soon after the concrete had been tamped in and the 
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forms removed. The slopes were then covered with burlap and kept 
moistened as described. The construction methods used on this 
canal are shown in Plate XI, figures 1, 2, and 3. 

A tapering strip of wood, as shown in figure 3, h, forms the expan- 
sion and contraction jomt between each section of concrete. The 
specifications called for the removal of these strips and the filling of 
the spaces with hot asphalt, but this was not done. | 


YAKIMA PROJECT, UNITED STATES RECLAMATION SERVICE, NORTH YAKIMA, WASH. 


The Tieton main canal, located in the canyon division of this 
project, was provided for 10 miles of its length with concrete lining. 
Actual work commenced in 1907 and was finished in 1909. The 
steepness of the cross slopes, involving large excavation quantities 
per square foot of water area, and the lack of water-tightness in the 
material, made necessary an impervious canal and one that would 
e withstand a_ high 
ae velocity. These re- 
quirements, together 
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TA 62” volume of lining, 


Fra. 10.—Cross section of open concrete-lined canal, Yakima project, which it seemed ad- 
U.S. Reclamation Service, North Yakima, Wash. 


visable to make of 
molded concrete shapes cast in central yards. The cross section used 
for canals is shown in figure 10 and a portion of the constructed 
canal in figure 11. 

Curves of 57.6 feet radius were the maximum curvature used, and 
in some cases these were reversed with only a foot or two of tangent 
between. The canal was intended to have a carrying capacity of 
300 second-feet. 

The concrete aggregate was river gravel and sand and crushed 
gravel. The cost of manufacture of the lining per cubic yard was: 


Cost of manufacture of lining for Tieton Cana. 


Baboriin 225... 2h Ge ee Se ee a ee eee $6. 094 
Material (cement and.steel) ise sacticras ot 6 ee Be ee ee eee 9. 370 
Plant charge 22! = 02098 Ste Oe oa. ena a ae ee 4.579 
Hngimeerme and inspection so.4.- 51. 22 98 ee eee ee . 324 
Generals. <5 «Bac eae Nate Rees en Re a 2. 830 

Total. . <: 5225036 ee ee ites Bo ee ee, Se Oe eer Se ee 


The cost of placing and jointing a total of 49,494 lineal feet, includ- 
ing 23,295 shapes, raised the above cost to $32.05 per cubic yard, or 
$7.42 per lineal foot. 


ee 
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TURLOCK IRRIGATION DISTRICT, TURLOCK, CAL. 


In 1910 this district made a hydraulic fill inclosing an old unsafe 
wooden flume on trestles across Peasley Gulch, and in the fall of that 
year, after the canal was emptied, the wooden flume box was removed 
and a concrete lining substituted. The lined section is 365 feet long, 
with a bottom width of 40 feet. The side walls, 4 inches thick and 
9 feet high, are reinforced with No. 6 wire fabric (6 by 6 inches) and 
have a batter of + to 1. Buttresses with the same batter are built 
at 8-foot intervals back of the lining and similarly reinforced. The 
floor, which is 6 inches thick and of the same construction as the 
sides, is concaved, being 1 foot lower at the middle than at the sides. 


Fic. 11.—Concrete-lined canal, Yakima project, U.S. Reclamation Service, North Yakima, Wash. 


Concrete floor ribs 12 inches deep and 8 inches wide are spaced 
equally with the buttresses and reinforced with two 4-inch steel 
bars. The lining is made of 1:3:5 concrete placed behind wooden 
forms and cost $16 per cubic yard. It has no joints and no cracks 
of importance have developed. 


MODESTO IRRIGATION DISTRICT, MODESTO, CAL. 


Considerable concrete lining has been constructed to date in 
Modesto main canal, but all of it is for providing increased safety, 
and the small saving of seepage secured is merely incidental. 

In the narrow canal sections near the headworks the velocities 
range from 5 to8 feet per second. Where it has seemed necessary 
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to provide considerable slab strength, the floor lining is from 4 to 6 
inches thick. The linings for hydraulic fills recently completed are 
6 inches thick and reinforced with No. 6 wire fabric 6 by 6 inches. 
Linings of 22 to 24 inches thickness have been used on four stretches 
of lined canal having lengths of 250, 250, 575, and 1,000 feet, respec- 
tively. The bottom width is 44 feet and water depth of 5.5 for the 
first three and 34 feet and 7 feet, respectively, for the fourth. All 
slopes are 2 to 1. In preparation for the linings the canal sections 
were carefully graded and aligned by chalk line and straightedge. 
Fills were made a little high, with loose sand where possible, and 
after saturating with water were graded. Fills as high as 10 feet 
were graded and aligned within two or three days after the material 
was placed with a scraper, but they were made of clean sand thor- 
oughly saturated with water. No settlement has been noticed. 
The lining was laid in cross strips 3 feet long longitudinally, and these 
were imperfectly bonded to permit cracking at the joints. The 
latter, being numerous, permitted only narrow cracks, which are 
unimportant. It is said that in part of this lming the water reaches 
a velocity as high as 20 feet per second at times and that no appreci- 
able injury to the concrete has occurred after five or six years of use. 


_ SOUTH SAN JOAQUIN IRRIGATION DISTRICT, MANTECA, CAL. 


Concrete lining has been placed on 7 miles of the main canal, 3 
miles of which is owned jointly with the Oakdale irrigation district. 
A typical lined channel has a bottom width of 11.36 feet, side slopes 
1 to 1, and is planned to carry a 9-foot depth of water and allow 2 
feet additional for splash. This design, having a grade of 0.0775 per 
100 feet, is intended to have a capacity of 850 second-feet. An excess 
grade for curves was computed from the following formula: 


100 v3 
A Oe gpa 


where Hc is the excess grade in feet per 100 feet; v is the uniform 
velocity of water in feet per second; r is the radius of the curve in 
feet. The value of n for Kutter’s formula was taken as 0.015. The 
lining thickness averages 4 inches for the bottom and 4 to 6 inches 
for the sides of the canal. A mixture of 1:3:6 concrete, placed behind 
forms and in alternate sections 12 to 16 feet long, was used without 
allowing expansion joints. In many places where the channel is in 
rock cut no back forms were used, and in such case the alignment is 
irregular and follows the contour of the side walls. 

The cost of the concrete in the completed work was about $14.50 
per cubic yard. 
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BURBANK POWER & WATER CO., BURBANK, WASH. 


This company concrete-lined about 4,000 feet of canal in 1910. 
The essential features of the design are shown in figure 12 and the con- 
struction is reported to be giving satisfactory results. 

The contract price of the concrete in place was $12.50 per cubic 
yard, and the engineering 7 per cent additional. The cement cost 
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Fra. 12.—Cross section of concrete-lined canal, Burbank Power & Water Co., Burbank, Wash. 


$2.75 per barrel at Burbank and $3.25 delivered at the work. Gravel 
and sand having within 5 per cent of the proportions used were found 
within a mile of the work and for which the contractor paid $1.75 per 
cubic yard delivered. The lining is made of a 1:24:44 mixture of 
'__ conerete and is formed in cross strips 3 feet long. 


MEDINA VALLEY IRRIGATION CO., SAN ANTONIO, TEX. 


Concrete lining has been placed in 2,390 feet of the main supply 
canal having in this portion of its length a capacity of 850 second- 
feet. The canal, located on a sidehill slope of 3 to 1, is excavated in 
limestone having some pockets of rotten limestone and adobe. The 
ground surface is covered with a layer of broken stone and débris. 

The work of excavation and placing of the lining was let to contract. 
In order to keep a low excavation cost the contractor blasted heavily and 
for this reason needed a 
large amount of rubble 
backfill. Figures 13 and 
14 show the main fea- 
tures of construction 
and the dimensions of 
| thesection used. Joints 
arespaced 16 feet apart, 
and while cracks have XS 
appeared no harmful Fig. 13.—Cross section of concrete-lined canal, Medina Valley Irri- 
results are anticipated. gation Co., San Antonio, Tex. 

Mexican labor, used on the work, cost $1.50 to $1.75 per day. The 
concrete was hand mixed, and except for the filling of local voids no 
plastering was done. The use of poor lumber for forms left an uneven 
concrete surface. 


'# eee ee 
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The contract prices were $0.90 per cubic yard for rock excavation, 
$6 per cubic yard for concrete in place, and $1.50 per cubic yard for 
dry laid rubble. The company paid for one-half the rubble needed 
for back filing the overbreakage. For the entire 2,390 feet of canal 
lined the costs per foot are: 


Fig. 14.—Construction methods used in placing concrete lining, Medina Valley Irrigation Co., San 
Antonio, Tex. 


Coniract prices and cost of lining Medina Canal. 


Approxi- Cost to the 


eta company. 
IER Ca VicOM sey Bh Po tes Be Nae wo Ma, 2a cc gi Ena Balen 8 eae | $7. 86 $10. 56 
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Cement 2 a eee MGS Sh hee MOU CE A. Sale os No i eS Wane mee 1. 80 1. 80 
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Cement cost $2.40 per barrel delivered at a point on the rail- 
road nearest the work. The cost of the concrete per square foot was 
19 cents. 


PLATE XIV. 
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Bul. 126, U. S. Dept. of Agriculture. PLATE XV. 


FiG. 1.—TEMPLATES USED IN PREPARING EARTH SECTION FOR CONCRETE LINING, 
RIDENBAUGH CANAL, BOISE, IDAHO. 


FiG. 2.—FORMS USED IN PLACING CONCRETE FOR LINING, RIDENBAUGH CANAL. 


Bul. 126, U. S. Dept. of Agriculture. 


FiG. 2.—METHOD OF DELIVERING CONCRETE FOR SIDE LINING, 


PLATE XVI. 


RIDENBAUGH CANAL. 


Bul. 126, U. S. Dept. of Agriculture. PLATE XVII. 


Fic. 1.—METHOD OF LAYING BOTTOM LINING, RIDENBAUGH CANAL, BOISE, IDAHO. 


Fig. 2.—A PORTION OF THE COMPLETED LINING, RIDENBAUGH CANAL, BOISE, IDAHO. 
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THE LOS ANGELES AQUEDUCT, [OS ANGELES, CAL. 


ha About 37 miles (196,402 feet) of canal forming part of this aque- 
duct is concrete lined. The excavation was made with a steam 
_ shovel, and some of the excavation was in very rocky ground. The 
i slopes and bottom of the channel left rough by the steam shovel were 
brought to a fairly even surface by trimming off the high places, and 
the low portions were shoveled full of moist earth which was tamped 
to place. The guideboards set to allow a slab length of 12 feet were 
held to place by stakes driven into the earth. 

In placing the concrete for lining, a platform was built half way up 
__ the slope, and in order to reach the upper half of the slope the con- 
- erete was handled a secor#d time from this platform. Alternate slabs 
_ were first laid and these were brought to surface by the use of astraight- 
edge supported on the guideboards. After this concrete had set and 
the forms were re- 
moved the interme- 
diate slabs were con- 
cretedin and brought 
to a true surface, 
using the straight- 
edge on the hardened 


slabs as guides. A NTIS ETI 
tinch plaster eoat — Fie. 15.—Cross section of concrete-lined channel, Los Angeles Aque- 
duct, Los Angeles, Cal. 


of 1:2 mixture was 
finally applied. The bottom lning was afterwards Jaid continuous 
and with a curved bottom as shown in figure 15. The work in various 
stages of construction 1s shown in Plate XII, figures 1 and 2, and 
Plates XIII and XIV. — 

This canal was designed to carry 923 second-feet of water at a mean 
velocity of 4.05 feet per second. The coefficient of friction n was 
taken at 0.014. 

No reinforcement was used, and on most of the work the lining is 
made of a concrete mixture having 1 part cement to 6 parts sand and 
gravel, but in some portions a 1:5 mixture was used. <A blended 
mixture of one-half tufa and one-half hydraulic cement was used for 
all the lining. The total cost of the concrete per cubic yard in place 
was about $5, and the materials used in a cubic yard of concrete cost 
about as follows: Cement, $2.60; sand and gravel, $1; and mixing 
and placing, $1. 


RIDENBAUGH CANAL, BOISE, IDAHO. 


The 2-mile portion of this canal which is concrete lined is along a 
gravelly sidehill that had formerly caused large seepage losses and 
expensive maintenance. 

48307°— Bull. 126—14—-6 
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The lining has a 34-inch base overlaid with a 4-inch top coating of 
cement mortar hand-troweled to a very smooth and even surface. 
The canal has a bottom width of 10 feet, 14 to 1 side slopes, and a 
vertical depth of 64 feet. At the top of the lining a 1-foot berm 
extends back into the bank. When carrying a 6-foot depth of water 
the canal has a capacity of 615 second-feet. 

The lined portion of this canal offers an example of unusual care in 
construction to obtain a smooth interior. Its curves have been spi- 
raled throughout. The lining is made up of 16-foot sections on tan- 
gents and 12-foot sections on curves. The exact shape of the finished 
section was secured by the use of a template having the same area as 
the cross section of the finished canal. ‘The methods employed in 
construction and various details of the work are shown in Plates XV 
to XVII, inclusive. The concrete was laid continuously. Adjoin- 
ing slabs were separated by one thickness of tar paper and connected 
by short lengths of 4-inch steel rods used as dowel pins. The entire 
surface of the lining was plastered and smoothed with a steel trowel 
as soon as the concrete had set sufficiently to permit it, and which 
doubtless accounts for the absence of surface scaling. 

No displacements due to pressure, settlement, or buckling are to be 
found in this lining. The only cracks which have appeared are those 
at the expansion joints. It has been noticed that in the summer 
these, found to be about 0.025 to 0.030 inch wide in the morning, 
are tightly closed by 1 or 2 o’clock in the afternoon. 

A brief summary of data on various canal linings is given in Table 
IV for the purpose of supplementing that contained in the text 
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CONCRETE LINING FOR IRRIGATION CANALS. 85 
CARE TO BE EXERCISED IN OPERATION. 


The durability of concrete lining for canals depends not only on 
good construction but on the care given it as well. Sudden changes 
of temperature, such as turning out cold water and exposing a lined 
channel to a hot sun, damage from roots of trees, damage from stock 
and storm water, the formation of ice, etc., may be very injurious 
and destructive to good construction unless proper precautions are 
taken. 

The flow in the Davis and Weber Counties Canal in Utah some 
years ago had been turned out in the early spring when the water was 
cold. The effect of a hot sun on the concrete lining caused it to 
expand and buckle in a few places. The lining had been amply pro- 
vided with expansion joints, but the wooden cleats used during con- 
struction had not been removed. No harm would have resulted if 
the strips had been removed and the joints filled with asphalt. This 
instance 1s mentioned to show how injury may occur through care- 
lessness in construction and operation. In such connection can be 
seen the benefits arising from the use of a somewhat lean mortar for 
the finishing coat and thus avoid as much as possible the shearing 
effect between the base of the lining and the surface coat due to the 
inequality of their coefficients of expansion. 

The growth of trees along or near the banks of a canal may injure 
a concrete lining by the displacement or breaking of individual slabs. 
The possibility of such injury may be guarded against during con- 
struction by entirely removing or cutting back and Goadomins the 
-tree growth. 

Fencing the right of way is the only remedy against damages caused 
by stock. 

Any storm water which is likely to be discharged into the canal 
should be bypassed. A cloudburst or heavy rainstorm may so raise 
the height of water in the canal as to endanger its safety, and the flow 
from even small volumes of storm water entering a canal is usually 
destructive to the upper part of the lining by washing away the earth 
backing. 

If it becomes necessary to operate a concrete-lined canal in freezing 
weather, every precaution should be taken to avoid injury that may 
arise thr ough the formation of ice. One of the principal rules to be 
observed is to increase, rather than diminish, the flow prior to the 
beginning of the “oe onan period. The writer has discussed the 
operation of canals in winter elsewhere. ' 

The formation of ice in a concrete-lined canal is not necessarily 
injurious. In such instance the canal should be operated to obtain 
a condition as micnuoned 7 in he pr eceding paragr aph an moterred to 


1U.S. Geol. ane ey Water- ane cae ime Eien 43 (1901). 
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in the discussion cited. The greater the surface width of the water 
in the channel at the time the ice is formed the greater will be the 
tendency for the ice sheet to bulge upward and thus relieve the side 
thrust. Again, the flatter the side slopes of the channel the greater 
will be the upward component of force parallel to the lining surface 
and accordingly the less will be the thrust normal to its surface. Of 
course there are many reasons for limiting the flatness of the side | 
slopes, but in the design of concrete-lined canals for use in localities 
subject to low temperatures, and particularly where winter operation 
is necessary, the benefits resulting from flattened side slopes should 
not be overlooked. 
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